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PREFACE TO THE ENGLISH EDITION. 


Tliis book was written by Prof. Prantl to meet a growing 
demand for a work on Botany, which, while less voluminous 
than the well-known “Ixjhrbuch” of Professor Sachs, should 
resemble it in its mode of treatment of the subject, and shouhl 
serve as an introduction to it. That it has not failed in this 
object is shown by the fact of its having already reached a third 
edition. It is hoped that this English Edition will as adecpiately 
supply the want of a work of this kind which lias long been felt 
in this country. 

In preparing this edition for publication, I have felt that the 
main object was the production of an accurate and intelligible 
translation, and 1 have therefore made but few alterations in 
the Author’s text. I have ventured, however, to introduce 
the Gleneral Classification of Thallophytes (page 103) projiosed 
by Prof. Sachs in the fouith edition of his “ liehrbuch," for I 
am of opinion that this mode of regarding the Tliallophytes 
is a considerable assistance to the student. In conseiiueiu* 
of this 1 have arranged the various families of Thallophytes in 
an order wliich is slightly different from that followed by Prof. 
Prantl. 

Further, I have not designated the decomjKisition of carbonic 
acid and water by the chlorophyll under the influence of 
light, by the tenn “assimilation,” as is usually done. This 
term has already a well-defined meaning in Physiology, and 
it is therefore a mistake to re-introduce it in another sense. At 
the same time 1 do not feel myself quite in a position to 
suggest a term to replace it. 
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Erraia, 


Finally, I would draw the attention of the student to the 
fact that in describing branch-systems, inflorescences, &c., the 
terms “ helicoid ” and “ scorpioid ” are used in a manner exactly 
opposite to that in which they are usually employed in England. 
Tliis difficulty is explained in a foot-note on page 159 of the 
English edition of Prof. Sach's “ Lehrbuch 

S. H. V. 

CaMBEIDOE, Ma/rch, 1880. 




8 from the bottom : for ** Hornbean ** read “Honibeam 
,, 19, line 4 from tlie top : for “ pbyllode ” read “ pbylloclade 

,, 128, line 6 from the bottom : for Caliciceap ” read “ Caliciese 

,, 129, line 15 from the bottom : for “ U. occulta^' read “ Urocystis oceiilia'*. 

ft 132, line 11 from the bottom : for “ Csucoma ” read “ Cajoina 

ft 138, explanation of Fig. 104 : for ** central-cell ” read “oospbere 
I, 151, line 18 from the top : for “venation ” read “ vernation 
t, 155, line 6 from the toj) : for “ Danac ” read “ Damea”. 

,, 188, explanation of Fig. 148: for “axillary placentation ’’read “axile 

placcntation 
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PART L 


THE MORPHOLOGY OF PLANTS. 


§ 1. The Members of the Plant. A plant consists of a 
number of parts which are distinguished as roots, stems, leaves, fruits, 
&c. These may be considered scientifically in two ways ; either with 
reference to their functions in the economy of the plant, when they 
are regarded as the onjans by wdiic^li these are performed, and are 
the subjects of physiological study : or, their functions being disre- 
garded, their relative position, the jdace and mode of their origin, 
the course of their growth, and their relative size may be considered, 
that is, they may be studied from a purely morphological point of 
view, when they are regarded merely as parts of a whole and 
designated as memhers. From tliis point of view all organs may bf‘. 
included in four categories, namely, IlooiSy Stems (Caulomes), Leaves 
(Phyllomes), and Hairs (Trichomes). When the bo<ly of a plant 
does not present any difTerentiation into mcmb(;ra, as in the case of 
the Algie and Fungi, it is termed a Tlmllm (Thallome). 

With the exce])tion of the primary stem of the. seedling, all mem- 
bers arc developed laterally upon others, which may or may not belong 
to the same ciitegory. A root, for example, is repeatedly producing 
lateral roots w’hich are similar to each otlier ami to the main root from 
which they have arisen ; a stem, on the other hand, produces, in 
addition to branches which are similar to itself, leaves and roots. 
Every member remains in connection by its organically lower end, its 
hase^ w’ith the member from which it has been developed : the opposilit 
end is the organically upper end or ajicx. Those members, viz., stems 
and roots, which more especially produce lateral members, continue to 
grow at their apices, and the lateral members are m)rmally developed 
behind the apex in such a way that the youngest of tliem lies nearest 
to the apex. Thus, the youngest lateral root is the nearest to the apex 
of the mother-root, and it is the youngest leaf which is the nearest to 
the apex of the stem ; hence in all normally developed members the 
succession in time may be inferred from the succession in space ; that 
is to say, in counting the leaves on a stem from the base upwards, the 

1 



2 PART I. — THE MORPHOLOGY OP PLANTS. [§ 2. 

order of their succession in space denotes the order of their de- 
velopmeni All lateral members which are thus arranged are said to 
have originated in acropetal sticcesaion. When in any cross section 
of the parent member not one only, but two or more lateral members, 
occur at the same level, this mode of arrangement is termed a whorl ; 
for instance, of secondary roots round a parent root, or of leaves round 
a stem — as in Herb Paris ( Paris qitadrifolia ), Those members which 
lie at the same level and form a whorl may be developed simultan- 
eously or one after the other ; hence a whorl may be simultaneous or 
successional. In the latter case it is more difficult to distinguish the 
acropetalous succession as weU of the whorls as of their individual 
members. Those members are said to be adventitious which are not 
developed at the growing point but on older parts, and which are 
therefore not arranged in acropetal succession; for instance, those 
lateral roots which are developed from older ones, and many branches 
from old stems. The fonnation of lateral members may either take 
place exogenously, in which case they originate from the outer layers 
of tissue of the parent-member, as leaves do from that of the stem 
(Fig. 1), or endogenously, in which case they arc formed from the 
internal tissue of the parent-member, and liave to penetrate its outer 
layers ; it is in this manner that roots are developed either from older 
roots (Fig. 20) or from stems. 

§ 2. Of the Leaf and Stem in general. These two ideas 
arc so intimately connected that it is impossible to think of one with- 
out the other, as is evident from the following definitions : 

Every part of a plant which produces leaves at its growing end is 
called a Stem or Axis ; a stem, together with the leaves it bears, is 
known as a Shcot. 

Leaves are distinguished by the following characters. 1, They 
originate always in acropetalous succession (they are therefore never 
adventitious); 2, they are always exogenous; and 3, they always 
assume a form different from that of the stem and its lateral branches 
upon which they are borne. 

The leaves are developed in very close apposition at the apex of the 
stem. The portions of the stem which lie between the individual 
It'uves may either remain quite short, as in the case of the rosette of 
leaves of the Plantain, of the House-leek, of the tufted leaves of the 
Larch and in most flowers; or they may undergo a considerable 
elongation so that the leaves become widely separated ; in this case the 
elongated segments of the stem are termed inteniodes. The boundaries 
of the internodes, termed nodes, are sometimes prominently developed, 
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more particularly when the leaves are arranged in whorls, e.g., Lahiatao, 
or when they ensheath the stem. The portion of the surface of the 
stem from which the leaf arises is the insertion of the leaf, and its 
organic centre is called the 
point of insertion. After the 
fall of the leaf the surface 
where it was inserted remains 
for a long time visible as a 
scar or cicatrix. 

So long as the intemodes 
have not begun to elongate, 
and the leaves are still folded 
together so as to cover the 
apex of the stem, the grow- 
ing end of each shoot is known 
as a hnd (or gemma). The 
bud which lies at the apex of 
a shoot, the lower portion of 
which has already undergone 
elongation, is a terminal hid ; 

the lateral buds are the early l.-Diagrammatic longitudinal aoction 

through the growing apox of a atciu ; 6, tho loavoa ; 
stages of shoots developed ten, thoir axillary buds. 

laterally upon a growing main 

shoot, which often remain in this condition for a considerable time. 
The arrangement of tho lateral buds, and consequently that of tho 
branches which are developed from them, is closely related to that of 
the leaves ; thus in Mosses and many Ferns they are developed 
immediately below or by tho side of a leaf; in tho higher plants, 
always in the axil of a leaf, that is to say, in the angle made by a 
leaf with the intemode above its insertion. In the latter case 
they make their appearance at the first formation of tho leaves 
(Fig. 1, kn). With few exceptions, they are developed in tho axil of 
every leaf, the exceptions being the leaves that form the flower and 
those of many of the Conifers. 

§ 3. The Arrangement of the Leaves (Phyllotaxis). The 
arrangement of the leaves on the stem is most intimately connected 
with the acropetalous order of their development ; and since, as has 
been already shown, the arrangement of the lateral shoots depends on 
that of the leaves, the same laws determine the arrangement of lK)th 
these sets of members, which apply generally to all acropetally developed 
members of plants These laws are most conspicuously exhibited in 
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the arrangement of the leaves, and they will be fully discussed with 
reference to these members only. 

Leaves are developed either in whorhy that is to say, two or more 
at the same level on the stem, or singly, when their arrangement is 
said to bo scattered. In consequence of shortening of the intemodes, 
leaves which have been really developed singly, or their axillary buds, 
may be brought together at the same level on the stem, thus forming 
a spurious whorl, as in the case of the upper leaves of the Tiger-lily 
and the false whorls of branches in the Pines. 

The arrangement of the leaves on the surface of the stem is very 
variable ; this is particularly conspicuous in the cases where the leaves 
are arranged in whorls, for which reason these will be first discussed. 
If a whorl consists, for instance, of two leaves, it is obvious that 
they will be placed exactly opposite to each other on the surface of 
the stem, and that the distance between them, measured from the 
points of insertion, will amount to just half the circumference of the 
stem. Similarly, if the whorl consist of three leaves, the distance 
between any two adjacent leaves will be J of the circumference, and 
so forth. Tlie lateral distance between the points of insertion of two 
adjacent leaves, measured on the circumference of the stem, is called 



Fia 2.— stem of Lamium with whorls 
of two leases ; 1-1. 2-2. 2-8. the suocos- 
sivo whorls. 


their dimnjeim, and it is expressed in 
fractions of the. circumference. 

Moreover, it is a rule, though not 
without exceptions, that the successive 
whorls alternaUj, so that the leaves of 
any whorl lie opposite to the intervals 
between the leaves of the whorls 
above and below it. Thus the leaves 
of alternate whorls are exactly above 
each other (Fig. 2). 

This arrangement, as in fact all 
relations of position, may be very 
plainly exhibited by means of dia- 
grams (e.g.. Figs. 3 and 4). 8uch a 
diagram consists of a ground-plan of 
the stem, regarded as being a cone, 
and looked at from above : the inser- 
tion of each leaf will lie upon one of 
a series of concentric circles, and the 


higher the insertion of the leaf upon the stem, the nearer to the centre 
will be the circle of the diagram upon which its insertion is indicated. 
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It may be perceived in the diagram Fig. 3, that when Uie leaves 
are arranged in alternate 'whorls they form twice as many longitudinal 
series on the stem as there are leaves in each whorl, provided, of course, 
that the number of leaves in each whorl is 
the same. These longitudinal series, which 
are indicated in the diagram by radii, are 
called orthostichies. 

This particular arrangement of alternate 
whorls of two leaves occurs very frequently, 
and is termed dcciLs&ite arrangement The 
two leaves of each whorl are said to bo 
opposite. It is comparatively rare for equal 
successive whorls to be 8U{)erposcd, that is, 
that the leaves of each whorl should lie ex- 
actly above or below those of the others, so 
that there are only as many orthoatichies as there are leaves in each whorl. 

Examples of decussate loaves : the Oaryophyllacea*, the Labiatic, the Caprifo- 
liacea*, to which belong Syringa (Lilac), Lonieera (Honeysuckle), and Sambucus 
(Elder) ; the Majde, the Horse-chestnut, and the Ash. In Itluimnita catiuiriivm 
tlie two leaves of each whorl are usually at a slightly different level. 

Alternate whorls of 3 (irrespective of flowers) occur in the common Junij)er, 
in Catalpa, and occasionally iu tlic Horse-chestnut and the Maplu. 

When the leaves are arranged in a scattered manner it is etisy to de- 
tect that, within a certain region of the stem, their divergence is conshint, 
that is, that the distance between any leaf and its immediate prede- 
cessor and successor is a certain fraction of the circumference. In 
the simplest case., when 
the divergence is } 

(Fig. 4 A), starting 
with any leaf 0, the 
insertion of the next 
leaf ill succession on 
the stem, which may 
be numbered 1, wdll be 
exactly opposite to that 
of the leaf 0, and the 
next leaf, numbered 2, Pio, 4. A.~DiagraTn of a atem boaring leaw with a di- 
wiU be opposite to 1 ^^rgenoeofi. B.~A atom bearing leavea with a (Uvorgouc^ 

and exactly above 0. 

Thus there are tw^o orthostichies. In proceeding from leaf 0 to 
1, 2, 3, and so on, always in the same direction, the circumference of 




Fio. 3,— Diagram of a Stem 
with altomato two-loave<i whorla. 
0, 0, 0. 0, tbo four urtUoHtichiea. 
1,1, 2,2, 8,3, tho auccoaalvo whorla. 
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the stem is traversed in a spiral wMch, in the course of each whole 
turn, touches the bases of two leaves and intersects the same ortho> 
stichy. This spiral will pass through the insertion of every leaf, and as 
it does so in the order of their development, it is known as the genetic 
spired. The number of leaves which is included in one turn of the 
spiral is termed a cycle. When the divergence is J, the leaf numbered 
3 comes exactly above leaf 0 ; 4 over 1, 5 over 2 ; and so on ; and there 
are 3 orthostichous lines, the cycle being composed of three leaves. 
It might be said with equal accuracy that the divergence is §, since 
leaf 1 is distant § of the circumference from leaf 0, if the spiral be 
followed in the other direction. If it be continued in this direction, 
it will pass round the stem twice in each cycle. For the sake of 
simplicity, the spiral is not traced in this longer way, but in the 
shorter way. When the numerator of the fraction of divergence is 
not 1, but some other rational number, the spiral passes round the 
stem more than once within the cycle, in fact, just as many times as 

is expressed by the numerator 
of the fraction of divergence ; 
the denominator of the frac- 
tion expresses the number of 
the orthostichies. In Figs. 
5 and 6, which represemt 
a constant divergence of 
it is easy to see that 8 
orthostichies are present, leaf 
9 being over 1, 10 over 2, 
and so on ; also that the 
spiral returns to the same 
orthostichy after 3 turns, and 
thus makes three turns round 
the stem in one cycle. 

If it is required to deter- 
mine the arrangement of the leaves (phyllotaxis) on a stem, it is 
necessary to find the leaf which is exactly above the one, numbered 0, 
selected as a starting-point, and then to count the number of leaves 
which are met with in following the shorter spiral round the stem 
between these two leaves. The number of the leaf which lies in the 
same orthostichy is the denominator of the fraction of divergence, and 
the numerator is the number of turns made by the spiral between the 
two leaves. 

When the number of orthostichies is greater than 8, it becomes 



Pio. 6.-~trtagr»un erf a atean with a oonatant diver- 
gonco of |. I, II, 111 etc., the orthostichous Hues 
(after Sachs). 
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veiy difficult to detect them, particularly when the leaves are closely 
arranged, as in the rosette of the House-leek, the capitulum of the 
Sunflower, the scales of a Fir cone. Another 
set of lines lying obliquely then strike the eye, V 

called parastichiesy which also run round the 
stem in a spiral, but touch only some of the 
leaves ; for instance, in Fig. 6, the line which 
connects the leaves 3, 6, 9, and 12. It is 
evident that the number of parallel para- 
stichies must bo as great as the difference 
between the numbers of the leaves in any 
one such lino. Thus in Fig. 6 one parastichy 
connects the leaves 2, 5,8, 11, and so on; 
and another, the leaves 1, 4, 7, 10, &c. 

From this it is possible to deduce a simple 
method for ascertaining the phyllotaxis in 
complicated cases : the parastichies which 
run parallel in one direction are counted, 
and the leaves in om* of them are numbered 
according to the above-mentioned rule; by 
repeating the process in another system of 
parastichies which intersects the first, the 
number of each leaf will be found. 

The commonest divergences are the follow- 

h ‘A » • 

This series is easy to remember, for the nume- p*" c. DiuKmmof u Mtom 

- 11..- . , j. .-I p the leavcH of which have tin* 

rator of each fraction is the sum of those of rnmroronro of ? • o.r 



This series is easy to remember, for the nume- p*" c. DiuKmmof u Mtom 

1 i. .• -1 j. .1 p the leavcH of which have tin* 

rator of each fraction is the sum of those of constant divcrgonco of g; ti.c 
the two preceding, and it is the same with I'hvos of the anterior surfme 

.,1 . , '»rr indlcateil by thoir inscr- 

tllC (Icrioilllllfttors* 


.,1 . , '»rr indicated by thoir inscr- 

the denominators. 

There are, however, divergences which are circicH ; they arc connected by 
not included in this series, e.g., 4, h h &c. i ’ 

> 4» are the eight orthoatlchiea. 

In some cases the construction of a spiral 
with a constant divergence is impossible, as 
in Salvinia. 

The causes of this regularity of arrangement of the leaves lie partly 
in the mode of origin of the leaves at the apex of the stem and partly 
in the displacements which they undergo in the course of their sub- 
sequent growth. 

Instances of the divergence \ : all Grasses and the smaller branches of the Klin, 
the Lime, the Hombean and the Beech ; in these, particularly in the last, tli« 
leaves undergo displacement, so that on the under side of the branch the diver- 
gence Ib less, and on the upper side it is greater than 
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Divergence of i is found in all the Sedges, and in the branches of the Alder 
and Aspen. 

Divergence of § may be regarded as the most frequent ; it occurs in many 
herbaceous plants and in most of the smaller branches of the Willow, the Poplar, 
the Oak, the Rose, the Cherry, and the Apple. 

The acicular leaves of the Firs and Spruces usually have a divergence of | and 
: /r occurs very commonly in the cones. 

Finally, it may be observed that the genetic spiral turns sometimes to the right 
and sometimes to the left on the stem : in botanical terminology, a spiral is said 
to be right-handed when it runs in such a direction that if the observer ascended 
along it he would have the axis on hie right ; and left-handed, when it runs in 
the contrary direction. 

§ 4. The Form of the Mature Leaf. A loaf is usually 
flattened horizontally into a broad surface ; it is thin, and of such a 
form that it can be divided by a perpendicular plane, the median 
plancj into two similar halves. The halves are usually counterparts, 
like the right and left hand, or an object and its reflected image ; the 
leaf is then said to bo si/mmctricaL Unsymmetrical leaves, the halves 
of which are not similar, occur in the Elm, and very conspicuously in 
Uegonia, The lower or outer surface of the leaf usually differs from 
the upper or inner surface in structure, colour, hairiness, &c. As a 
rule the surface of the leaf is extended at right angles to the median 
plane, and also to the longitudinal axis of the stem ; but this original 
position is frequently altered by subsequent torsions. Decussate 
loaves, for instance, are often so twisted that the upper surfaces of all 
of them come to lie in one plane, as in Philadelphus; and on tlie horizon- 
tal branches of the Silver Fir the leaves that grow 
on difierent parts of the stem are so twisted that 
their upper surfaces are all directed towards the 
zenith. Barely, as in the Iris, the leaf is from the 
first extended in the median plane itself. 

Departures from the ordinary flattened form of the 
leaf are found in the acicular leaves of the Sj^ruee, 
the cylindrical leaves of many species of Sedum 
and Mesenibryanthemum, and in the tubular leaves 
of Allium and Juncus. 

The leaf is usually regarded as consisting of 
three parts ; the sheath^ the stalky and the blade. 
Fia T.-Loaf of Ao- The shmth (Fig. 7 v) encloses the stem at the 
wMneuiti# Fka^ v jj^ggp^ion of the leaf, assuming a tubular or sheath- 
bUdB(nat«iie). like form ; it is largely developed m Grasses and 
UmbeUiferao ; the leafstalk or petiole (Fig. 7 p) 
is narrow, usually semi-cylindrical or prismatio in form, and bears at 
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its end the expanded Hade or lamina (Fig. 7 1). These three portions 
are not, however, developed in all leaves. Many leaves, as those of 
the Maple and the Gourd, have only petiole and blade ; others, as the 
Grasses, only sheath and blade. Frequently the blade only is present, 
as in the Tobacco and the Tiger-lily, when the leaf is said to bo senile. 
The stipules must be regarded as belonging to the sheath. In many 
plants they take the place of the sheath and appear as two outgrowths 
at the base of the loaf (Fig. 8 B and C s /?). They are often similar 
in colour and texture to the leaves, as in Willows, Peas, the Violet, 
and the Rubiaceoe, in which they are compound ; in other plants, on 
the contrary, they are colourless or bi-own, and fall off soon after the 



Fio. S.—A Part of a leaf of Grass (Poa trivinlii) with tlie Ugula i; a the baitlrn ; v the 
Hhcath; I lamina of the loaf. B Leaf of a Willow (Salic Ca/nmj; a atom; » ft ntipiiloa; y* 
l>etiole ; / lamina , k axillary bud (nat. size). C Leaf of a I’oji i PIbuui arvetiMiJ : o Htem : « n 
Htipuleu ; r rachin ; //leaflets ; rf r/tho upper leaflets metamu^-phoHud into tendrils ; r ond of 
the rachia likewise transformed to a tendril. 


leaf is unfolded, as in the Beech, the Elm, and the Lime. Sometimes 
a pair of stipules occur as well as a sheath, and they appear as teeth 
at the top of the sheath, as in the Rose. 

Only in comparatively few plants does a ligvle occur ; this is a 
small outgrowth from the anterior (inner) surface of the leaf which 
is found in the Grasses at the junction of the sheath and the blade? 
(Fig. 8 A e), and also in the petals of many flowers, as Lychnis and 
Narcissus. 

In the case of most leaves it is obvious that their internal 
tissues are differentiated. The fundamental tissue, which is gener- 
ally green, the MesophyH^ is traversed by bright bands, which are 
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the fibro-v 0 scular bundles or so-called veim. These usually project 
on the under surface, and when the leaf decays, remain for a time 
as a skeleton of the leaf. The distribution of these bundles, the 
venatwrif is characteristic of large groups of plants. In the narrow 
leaves of most of the Monocotyledons the veins are parallel, branching 



rarely or not at all 
(Fig. 13 Z/) ; while 
in many of the 
Dicotyledons only 
a few veins enter 
the leaf which 
branch frequently 
and anastomose, 
forming a reticu- 
lated venation. 
According to the 
ramification of the 
veins, the leaf may 
be either pinnate 


Pia. 9.— A, Pinnate Tonation of the lea/ of the Beech, Fagut ttylva- (^^8* ^ that is to 
iica ; m, mid-rib, n, lateral veins ; B, Palmate venation of the leaf say, a median vein 
of AkhmUla vulgaris (nat. fiise> mid-rib ruilS 


through the leaf and gives off several lateral branches, e.g., Tobacco, 


Iloech, and Elm; or it may be palmate (Fig. 9 i?), that is, the 



vein divides at its 
entrance into the 
lamina into a num- 
ber of equal diverg- 
ing veins, which 
may again divide, 
e.g. Maple and Ivy. 

In descriptive 
Botany, a number 
of terms are used 
to describe the de- 


\ tails of the inser- 

1 tion, the contour, 

PiQ. lO.-Tholnaortion of soMlle leaves. A amploxicaul leaf of ^ margin 

rWoepi R perfoliate leaf of .flvpieuntiH ref ^ ® * 

C connate leaves of Zonimn capHtolium, and the segmenta- 

tion of leaves. The most important are as follows : 

When the blade springs immediately from the stem the leaf is said to be sesaUe ; 
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amflexuxi\Ut wheu it BurrotindB the whole, semi-amplexicaul^ when it surrouiule 
only half of the circnmference of the stem at its insertion (Fig. 10 yf. Thlaspi 
peifoliatum ) ; perfoliate^ when the two opposite margins of the base of the loaf 
meet and coalesce on the opposite side of the stem from the point of insertion, 
e.g., JBupleurum rotundifolium (Fig. 10 B), This form must not bo confounded 
with conmate leaves, in which case two leaves growing at the same level on opposite 
sides of the stem unite at their bases, e.g., 

Fig. 10 C). 

In decurrent leaves leafy wings extend downwards from the insertion along the 
stem, which is then said to be wuiged^ e.g., many kinds of Mullein (VorbascunO 
and the leaf-stalk is sometimes winged in the same way by a downward growth 
of the lamina. 

The petiole is occasionally inserted on the under side of the blade, which 
is then said to be peltate j but it i.s usually inserted at its lower edge, and is 
either sharply defined from it or gradually merges into it ; an example of this 
latter mode is afforded by tlie cuneiform leav«‘9 of tlie Daisy (licUis perrniiis). 
A heart-shajied or cordate leaf is one of which the lower edge is deeply liollowed 
in the median line, whetlier it be 8e.sailo or stidked, e.g., the Lilac (Syringa). 
It is arrovushaped or sagittate^ when the blade is much prolonged on each si»l(‘ of 
this hollow, os in the Arrow-head (Sagittariu). As to the general form of the 
leaf, it said to be linear when the opjwsite edges are nearly parallel, e.g., in 
Grasses ; lanceolate^ when the leaf is at least four times as long as it is broad, 
e.g., the Rib-wort (PLintago) ; elliptical^ when the leaf is about twice as long as 
it is broad, e.g., the leaflets of the Koso ; oraic, when th(< leaf is at the same time 
broadest towards the base ; ohovate, when it is broade.st towards the apex ; sub- 
rotund^ orbicular^ renifoi'm, when it is both broad and somewhat heail-shaped, 
e.g.. Ground Ivy (Glechoma) (Fig, W EfJ. 

The leaf is also described, according to the fonn of the apx of the blade, as 
being acute, when the lateral margins gradually converge at an ncaite angle, e.g., 
the Itib-wort ; as acuminate, when the apex tapers rai)idly (Fig. 11 0), e.g., the 
separate leaflets of the Horse-chestnut ; or as obtuse or as emarginatc (Fig. \\ J ) /’), 
when it is more or less indented at the broad obtuse apex, ns in some kinds of 
Senna f'CVmiVi ohovata); as ohe/yrdatc, when this indent.ition is deeper, os in the 
leaflets of the Woodsorrel (Qxalis); and as inucronati, when there is a sharp 
projection from the obtuse apex, as in the leaflets of Luctirne ( Aledicago saliva ) 
(Fig. 11 Ff s). 

The margin of the leaf is either entire (Fig. 13 L), as in the Forget- rnc- 
not and Tulip ; or it presents slight asperities, when it is said to be dentate 
(as in each segment of the leaf in Fig. 11 C)\ or it has sharp straight spines, 
as in the Holly (Ilex Aquifolium), when it said to be v:avy ; or it is 
serrate, with teeth directed tow'ards the ai)ex (Fig. 9 B), as in the Rose ; or 
erenaie, with obtuse wavy indentations, as in the Violet (Fig. 14 £!fX If 
the margin be more deeply indented, the leaf is said to be incised, and the 
incision may be either palmate or pinnate, according to the mo<le of venation. 
In order to express the fact that the incision extends less or more nearly to the 
junction of the lamina and petiole in palmate leaves, or to the mid-rib in pinnate 
leaves, different terms are used. Thus the leaf is said to be lobed and pinna or 
paZmatiJid, when the incision does not extend so far as half way (ui a palmate leaf, 
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Fig. 9 B ) ; partUe^ when it extends about half way (Fig. 11 A ) ; dissected^ when 
it extends the whole way (pinnate, Fig. 11 (7). 

Compownd leaves are formed by the division of the lamina into several smaller 
lamin©, connected by their secondary petioles (petiolulesJt which are called 
leaflets (foliola) (Fig. 11 /'). The compound leaf, like the lobed or partite simple 
leaf| may be palmate or pinnate. In the former case it is called, accoiding to the 
number of the leaflets (three, four, five, or more) temaUt quadrinaUf qidnaU^ &c. 
(Fig. 11 j? is temate), and by further division of the leaflets it may become 



Fio. ll.— luoiaion pi leaves, p petiole ; p' potiolulo ; /' leaflet ; r rachis. A Palmatifid leaf 
ofQerauium. R Temate loaf of Clover. CPinDatlsectedleaf of Compound 

leaves ; JD Imparipinuate, ffippocrrput eomom ; t terminal leaflet E Pari-pinnate. PUtacia lenti*- 
ct<« ; a wing of the Rachis. P Imparipinnate unijugato leaf of Hedicago. This differs from B, 
which la temate, Inasmuch os the secondary leaf'Stalks p' do not all spring from one point, 
but the common leafnitalk p extends beyond the ina^on of the single pair of pinnie. 
O Leaf of the Orange : the articulation a between the blade and the winged petiole shows 
that the blade is in fact the termixial leaflet of a pinnate leaf, of which the lateral pinnss are 
suppressed, a Biptnnate leaf of the Aoada ; r* secondary rachis ; f* secondary pinnss. 
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bUerruUe or iriUrnaU^ &c. (e.g., Clover, Lupin, Horse-chestnut). In the compound 
pinnaie leaf the separate leaflets are called pinncc, and are inserted on each side 
of the midrib, or mcAis (Fig. 11 B/% wliich ap]:>6ars to be a prolongation of tlie 
true petiole (Fig. 11 Dr). If the rachia terminates in a single leaflet, the leaf is 
said to be imparipinitate (Fig. 11 Dt); but when it has no terminal leaflet, it is 
paripinnafo (Fig. 11 £). According to the number of the pairs of leaflets, tlie 
leaf is said to be bi- or tri-jvjgate, etc. (Fig. 11 E). It is interruptedly pinnaic wIumi 
large and small pinnse occur alternately or irregularly, as in PotenUlla anserhut. 
When the pinnate segmentation is rejmted, the leaf becomes hi-pinmttc or tri- 
pinwxU (Fig. 11 H). Many leaves, by a combination of palmate and i»innatc 
arrangement, acquire a highly complex conformation, as is soon in many umls)]. 
liferous plants. 

Leaves or portions of leaves are occasionally transformed into tendrils^ wliieli 
are organs of attachment (see § 48) ; this is the aise with the rachis and witli all 
or some of the pinnae, in the Vetch, Pea, and other allied plants (Fig. 8 C r' and 
r/J. Leas frequently the lamina is metamorphosed into an ascidium^ assuming 
the form of a pitcher, as in Nep«mthes. 

The texture of most leaves may be descrilied ns hcrlKterous. Li‘av('s of this 
kind last usually for only a single season, and die or fall off in tlie autumn. 
Leaves of firmer texture, which are said to be cori- 
aceemsj survive the winter, and either fall off when 
the new leaves are developed (the Privet), or continue 
to live for several years, (Holly, Box, and most 
Conifers ; tin; aeioular leaves of the latter may persist 
for as many as twelve years, (SiWer Fir)). Fleshy or 
euccident leaves occur in Aloe, Sedum, &c. In many 
cases leaves are metamorphosed into spines: these 
are hard-iK)inted, woody structiire.s, whieJi, from 
their position, may be reoognisetl as lioing modified 
leaves ' such are the leaves on the shoots of Berbeiis 
(Fig. 12 ft b), the stipules of Jtohinia Pscadaeaciif, 
the persistent jadioles of many .species of Caragan.. 
and Astragalus. 

The relative ptisition and the form of leaves in tie 
bud present many characteristic peculiaritie.s. 

According to the greater or ie.ss brea«lth of tbr 
leaves, those which are contigimus to each othei 
either merely touch at thedr edges ( valvatc pre/olia- 
tion, or (Estivation ill the cose of flowers), or their edges vulyann, at tbc ijaac of a 
overlap nnO; hitermediatefonn, tr‘»wth. 

knowm as the rontorted or tadstfd, i.s to be found, for * 

’ 6 with a Hmjillt r suif.ico; k ti 

example, in the an-angement of the jietah; of the Peri- axilLiiy (oat 
winkle ; in this case one margin of each leaf is directed 

obliquely inwards, and covers that of the next. As regards tin* fonn of thr 
individual leaves in the bud, called the vernation^ it is distinguished nn plane, when 
the leaf is not folded ; as conduplimte, when the two lialves of the leaf are fohlt'd 
inwards from the midrib (e.g., the Bean); oa plicate, when the leaf is folded 
in numerous longitudinal or slanting pleats (e.g., the Beech) ; as crumpled, 
when the foldings and inequalities are in every direction (e.g., the petals of the 
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are only incited to growth when the other buds are destroyed. Buds 
which thus remain undeveloped for a long period, often for years, are 
called dormant^ and the shoots which are ultimately produced from 
them are said to be defeired, 

Adventitiovs shoots occur on old stems, and also on roots ; frequently, 
for instance, on those of the Poplar; sometimes even on leaves, as in 
Bryophyllum and many Foms. 

Buds which become separate from the parent plant before their 
elongation has begun, and produce new independent plants, are called 
Bulbils; such are the bulbous buds in the axils of the leaves of 
Lilium hulbiferam (the Tiger-lily), and in the inflorescences of species 
of Allium, &c. 

The typical form of the stem is cylindrical or prismatic; in the 
latter case the number of the angles bears a definite relation to the 
arrangement of the leaves ; for instance, when the leaves are opposite 
and decussate, the stem is quadrangular. Irrespective of the thicken- 
ings of the shun at the nodes which separate the internodes, a 
tumidity, the pidvhiiw, usually occurs below the insertion of the leaf, 
which is very conspicuous on the branches of the Fir, Poplar, and 
Ash. 

The diflc'Tont forms of stems are determined by the period and 
direction of their growth, the length of their internodes, the relation 
of their thickness to their limgth, the form of the leaves they beai*, 
and by other factors. 

The soft herhiiceous axis of annual plants is usually kno^an as a stalk (caulis) ; the 
terms trnnky branch, and hmgh are usually applied to steui-stnictuies which persist 
and increase in thickness for several years. The latter are built up of successive 
annual shoots ; for, during the time when growth is inactive, which in our climate 
is in the winter, the apex and the latenil slioots nmiain quiescent in the condition 
of buds. The lowest internodos of each annual shoot are short, ])articularly thow* 
which lie among the bud-scales, so that the limit between the shoots of two succes- 
sive yoam is easily recognised oven in old branches by the close arrangement of the 
scars of the fallen bud-scales. The other internodes of the annual shoot are 
longer nearer the apex, but are sometimes short again close beneath it, os in the 
Oak, so that the leaves and lateral buds are crowded below the terminal bud. 
When most of the inteniodes are elongated, as has been described, the struc- 
ture in question is an ordinary shoot : but on many trees there are also 
titvarf^shooU. These arc annual shoots the intemodes of which have hardly 
elongated at all, and usually bear no lateral shoots ; such are the shoots 
bearing the fascicled leaves of the Larch, which spring from the axils of the 
leaves of an ordinar>’ shoot of the same year : they usually elongate but slightly 
each year, but shoots of this description may, under certain circumstances, 
develop into ordinary shoots. In the Pine, these dwarf-shoots bear only tao 
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green adcnlar leaves in addition to scales, and arise in the axils of the scaly 
leaves of an ordinary shoot of the same year's growth. In forest-trees, these 
dwarf-shoots occur especially in advanced ago, or when their growth is stunted : 



Pio. 14.— Various forms of stems. A Tubers of thlwnthun nat. size) ; « lower 

I»rt of the stem sprini^^ng from last year's tuber k ' ; in the axils uf the uj^iwr loaves arise the 
tnids Ivt, aud in those of the lower leaves the tubers k with very small scaly leaves and buds. 
B, Bulb of Hyacinih'M orientalin (reduced) ; k the discoid stem, * the scales. » the stalk which 
subsequently elongates and bears the flowers above ground, with the buds b ; I foliage- 
leaves, w roots ; kn an axillary bud which becomes next year’s bulb. C Klonguted rldzome of 
Carex cmuina (^) ; scaly leaves n of the rhizome s ; a erect shoot with scaly and foliage-leaves 
i.—2> Runner of the Strawlxjiry, Frsgaria (reduced), springing from the plant a, with scjJy 
leaves n, from the axil of which a new runner b arises. B Creeping stem of the Ground Ivy^ 
(JUchtma hedtracta (reduced) ; / / decussate leaves ; the intemodes arc twisted ; a axillary 
shoot ; VO root 

they are very conspicuous in Apple and Pear, and other similar trees, and are the 
only parts of the tree which produce flowers and fruit. 
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The stem of herbaceous plants is usually ered^ but sometimes it is prostrate^ 
as in Thyme ; when, in this case, roots grow from the nodes, it is called a creep- 
ing stem {soholeSf Fig. 14 JS). Stolons are long, slender, lateral shoots which 
grow close upon or under the surface of the soil and take root again at some 
distance from the parent plant (e.g., the Strawbcrr}% Fig. 14 D). Twining or 

climbing stems are 
stems which pro- 
duce loaves and 
flowers, and at the 
same time grow 
upwards round up- 
right supports( F ig. 
If) 7/), as the Hop, 
Hean, Convolvu- 
lus, and others 
(v. § 48). Other 
])lants climb by 
means of tendrils 
(cirrhi), i.c., slen- 
der, filiform, late- 
ral shoots with 
only minute scale - 
like leaves whicl^ 
twist spirally 
round foreign bo- 
dies (Fig. 15 
as in the Vine, 
Virginia creeper, 
Passion flower, &(*. 

Many axial 
structures become 
thonis, being me- 

Fin. ir» - A Part of the stem of the Vino (4 nat. size) with two tamorphosed into 
tfiuirils rr : the uv]ier one Ixjara small leaves h and bniuches ; the shan)-point- 

lovvor one has l>ocoino attached t<i a aw|)|H)rt x and has rolled up ’ \ ^ 

spirally ; hU petioles ; In this ca.Mc the tendrils arc branches which are cd bodies. » oine- 
l>ocuUar in that they are opfiositc to the Icjivos. B Twining stem of times the apex of 
i », with leaves b and a bud k ; xx is the supiwrt. a shoot is modified 

in tliis way after it 

has produced leaves, e,g., the Sloe (Fig. 61), or certain- lateral shoots are developed 
as spines from tlie first, as in Gleditschia, in which plant stuioudary spines alao 
niv developed from the axils of scaly leaves. 

With regard to those subterranean stems which are commonly knowm as roots, 
and boar for the most part cataphyllary leaves, the most important varieties are — 
the rhizome^ which ditters but little from the ordinary typical stem ; it grows 
horizontally under the earth’s surface, and develops new aluial herliaceons 
stalks and sometimes green leaves every year (Fig. \i C)\ the fitter, which grows 
greatly in thickness and bears only minute scaly leaves ; e.g., the tubers of the 
Potato and of Mclianihiu tviberoms (Jerusalem Artichoke) (Fig. 14 A k) : the 
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huU) (Fig. 14 B), which consists of a flat discoid axis {k) bearing numerous 
crowded and overlapping leaves (r), e.g., the Onion and Tulip. 

The form of stein whicli differs most widely 
from the ordinary type is the phijUinU, which 
rc'enibles a leaf in its appeanince, and bt^ars p 

only very small true leaves, o.g., the branches of _ 
husciis and Ph vllanthu s.? In the ('actus family S 
there is the greatest diversity in the form of the ^ 

stem ; it may be leaf-like ^pherical, cylindrical. j 

columnar, kc. — but in all cases the leaves are - 

rudimentary. l«^ ~-Tliom of tho Sloo, 

Pruinis spiiioftif, a brunch, d 

§ 0. Development of Branch-Sys- loiif-Hrtir, fnan tho Jixll of which 
terns. Just ns it is possil.ln to usci-rtaiu ••-■thon.ybmncl,.,,.ri..n, : .m 
the laws governing tin* relative positions of theuxiinf tho unnor ono u tho 
all nienihers growing in acropetal succession 
from a study of the leaves (which an* always 

<lev(*lnpe(l in that order), so tlie study of tho branching of stems will 
l(‘ad to the general laws which rogulaUi hrancliing. r>y hraitchimj is 
meant tlie pr(»ducti<m of similar a tV a 

members ; — thus it is an in.stance 

of branching when a root produces nfl 

a lateral root. Any member with 111 J A 

its braiieh(*s composes a hranrh- 
ntftifan, and every branching 

jiiemher is, with reference to its )/^ ’ 

hranch(*s, th(^ tui's of a sy.stem. I 

Tlieuretically, two i>rinci])aJ types ^ 
of hr/meh .systmiis may he dis- ( 

tingnished, according to the ar- ^ 

rangemeiit of the memliers : ^ r. »’a 

/ nr j ] 

1. The branching is termed a ^ 

Dichotinufj when tin; direct apical 

growth of a memh(*r cea.ses, two J f ^ 

growing-points which are eijually / / 

vigorous, at any rate at tlieir first ^ ^ 

development, being fonned at tlie , *'"■ -"“y””; “f f'" van,.... „/ 

i- ^ ^ duvclopment of u lUchobtiny A One dove- 

apex. The two new hriuich(‘.s are loiiud by Ufurcati.in « Uollcoi.l dich„t<,.ny ; 
called6//'a/-ca/io/w,andtbemeniber ^ 

* ^ vigorouH than the rijfht (r). V Henrjiioid dl»'lm- 

which. hears them is called the tomy; tho right and left branchoH aro ultor- 
base or ^>OcZ/wm ; each of these lately more vij^omua m their growth. 

bifurcations may become the base of a new dichotomy. They may 
either (a), continue to grow with equal vigour, in which case the 
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dichotomy remains distinctly bifurcate (Fig. 17-4), or (b) the system 
may become sympodial, if at each bifurcation one branch becomes 
more strongly developed than the other : in such a case the bases of 
the successive bifurcations appear to constitute an axis, which is called 
the paeud-axis or aympodiuin^ on which the weaker bifurcations 
appear as lateral branches (Fig. \1 B, 0). The sympodium may consist 
of bifurcations belonging to the same side of the successive dichoto- 
mies, either to the left or to the right (Fig. 17 B), This constitutes 
helicoid (hostrychoid) dichotomy, e.g., the leaf of Adiantum pedatum, 
or it may consist alternately of the right and left bifurcations of suc- 
cessive dichotomies (Fig. 17 C), when it is said to be a scorpioid 
( cicinal ) dichotomy. 

Dichotomous branching is rather uncommon, and scarcely ever occurs 
in leafy shoots. 

2. The Tnonojmdicd branch-system arises in this way, that the 
member continues to grow in its original direction, and produces 
lateral branches in acropctalous succession behind its apex; it is 
therefore the common base of all the lateral shoots and hence the system 
is termed monopodial. It is evident that this mode of branching 
must occur in all stems the lateral branches of which are dependent, 
as to their position, upon the arrangement of the leaves, and are 
therefore developed in acropetal succession. Each branch may subse- 
(i[uently branch again in the same manner. The monopodium may 

be either (r/) 
racemose, when 
the primary 
axis continues 
to grow more 
vigorously than 
the lateral axes, 
and when each 
lateral axis 
stands in the 
same relation to 
its lateral axes ; 
(Jb) or cymose, 
when at an early 

Pio. 18 .— Diagram of a False Dichotomy ; the Roman numerals , , 

iikdicate the order of development of the shoots of the system. Those Stage tUe gTOW . 
numbered II' and II" are equally vigorous, but much more so than the of each latera. 

axisbeginstob 

more vigorous than that of the primary axis above the point of origh 
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of the lateral axis, and when the lateral axis becomes more copiously 
branched than the primary axis. Hence two forms may arise : 

(a) there may he rio pseud-axie ; this is the case when two or more 
lateral axes are developed in different directions and grow with nearly 
equal vigour (Fig. 18) and more vigorously than the primary axis which 
soon ceases to grow; such a system has a certain resemblance to a dicho- 
tomy, and is called a false dichotomy (I)ichasium, or Polyotomy, Poly- 
chasium) : or (/3) a pseiui-axis is formed ; this takes place when only one 
lateral axis develops vigorously iii each ciise, as in Fig. 19 where the 
lateral axis 2 has grown more vigorously than the mother-axis 1, and 



Fio. 19.— CymoHc bmnchlngB represented diagmminatjcally. A B Bcori)l<)id (dcinid) cyme. 
C Dicliasium. J) Helicoid (l)ostrychoid) cyme, llie numorals indicate tbe order of huccos- 
sion of the lateral sb(K>tii which spring from each other. 

SO on. (In the diagram the dark lines indic.ate the more vigorous 
growth.) The pseud-axis which is thus formed is at first crooked, but 
in most cases subsequently it becomes straight (big. 19 >l becomes B), 
If tbe stronger growth always occurs in the lateral shoots of the same 
side, the system is called a helicoid, cyme (Fig. 19 D)\ if alternately 
in those of both sides, it is called a scarjrioid cyme (Fig. 19 B), 

As examples of monopodial branching, the inflorescences, which will be treated 
of subsequently (Part IV.), may be esiK'cially mentioned; the following are 
selected from the vegetative organs : 

Bacemose branching is very' evident in Conifers : the trunk is always more 
strongly developed than its lateral branches, and these than their lateral branches. 

Falae IHchoUmy is exhibited in the stem of Visciim, the apex of w^hich either 
terminates in a flower or else dies ; only the axillary buds of the two leaves 
develop into new annual shoots. As regards the arrangement of the annual shoots, 
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the same occurs in Syringa, in which the axillary buds of the uppermost pair of 
leaves form the continuations of the stem, whilst the terminal bud dies ; also in 
Shamnus cath/irticusy in which the main axis is metamorphosed into a thorn. 
In this case the branching of each annual shoot is racemose, but the successive 
annual shoots form a cyme. 

The Deadly Nightshade, which will be described in Part IV. , affords an example of 
a monopodial sympodium^ as also the succession of the annual shoots of many trees, 
as the Birch, Elm, Beech, and Hazel ; in these, each annual shoot either termi- 
nates in a flower, or it dies, and the uppermost lateral bud forms its continuation. 
Here also the branching of each annual shoot, apart from its apex, is racemose. 

§ 7. The term Root in its bota- 
fFirijfTMin’lTlI! nical sense is not applicable, as in 

I lUi ll 1 ordinary parlance, to any subterranean 

^ part of a plant, but only to those mem- 
plant which are developed 
^ H|H| ” endogenously, which produce no leaves, 
and which have their growing-point 
I protected by a peculiar structure, the 

n ' root-cap (Fig. 20 //). The outermost 

cells of the root-cap are thrown off 

while new ones are continually being 

formed at the growing-point. 

Fi(i. *Jo.— Tiio side vooIh ji, thrown Itoots oiily occur in such plants as 
out from tiie ijericiuubiunj of tiio top possess fibro-vascular bundles, and they 
root of Vida Faba. (liongitudinal , . . , , , . , 

n.«g. f. time.) / I'ibrovecutar theiiiselves invariably contain such 

bundles, r Cortex of the main root, bundles ; only a fcw vascular j)lants are 
4 Uoot-cap of the lateral roots. destitute of rOOts (Salvillia, 

Tjemna nrrhiza^ &c.). The term root (tap-root) is applied to 

the root of a young plant which lies in the same straight line as its 
])rimary stem ; in the Vascular Cryptogams and in the Monocotyledons 
it remains small, and it is only in the Dicotyledons (to which group 
the Bean, the Tobacco, the Hemp, and the Oak belong) and in the 
Gymnosperms, that it attains a considerable size in proportion to the 
rest of the plant. All the other roots —the secondary and the adven- 
titious — originate laterally upon the primary root, or from the stem, 
or even from leaves. They invariably originate from an internal layer 
of tissue, and then break tlirough the external tissues. On anatomical 
grounds (§ 25), the lateral roots are arranged in longitudinal rows on 
the main-root; at a later period, however, numerous adventitious 
roots are successively developed here and there between the original 
lateral roots. 

The primitive form of roots is that of an elongated cylinder, only those roots 
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which undergo a gradual growth in thickness and at the same time become 
succulent acquire a spindle shape, e.g., Beetroot, or exhibit tuln'rous swellings 
e.g., the Dahlia. The aerial roots of many tropical plants, such as I'ree-Ferns. 
Orchids, and Aroids, which serve to attach them to tall ta*es and other suj>ports, 
are physiologically diffei'ent from true roots. So, too, are the climUnri^rools of 
the Ivy, which grow close together from certiiu parts of the stem and remain 
quite short, serving as a means of st*cure attachment to walla and tree-trunks ; 
also the sucker-roots of many parasitic plants, e.g., iKxlder ^t’uscutal, which 
penetrate the tissues of the plant which nourishes tln‘m. 

§ 8. Hairs or Trichomes arc organs which arc (levcloi)o<l frmn 
the epidermis of a memher. This category includes not only hairs in 
the strict sense of the word, such as will be described hereafter in § 21), 
hut aho many reproductive organs such, for instance, as tlio sponingia 
of Ferns. 


Pnektts^ such as those of the- Bramhlc or J>f the I’ose, 
are usually included among trichomes (Fig. 21). They 
differ from line hairs in that they are formed not from 
the epidermis only, hut fmm the suhjaeent tissue also, hut 
they agr<ie with them in that they are not arranged in any 
regular order, and are not the result of the modifieation 
of certain niemlnTs ((^mloines or jdiyllomes), as is the ease 
with thonia. Like the hairs they are merely ajipenduges, 
the occurreiiee and arrangemonl of which does not nialeri- 
nlly affect the general structure <d’ the jdant. In order to 
indicate the fact tliat they arc not develojH'd in tlie S4ime 
way as true trii homes, jirickles and allied structures (warts, 
tubercles, ) ’may designated as Euunjenccs, 

The ordinal y hairs may be .simple, or coin|Kmiid, they 
may lie stellate, they may be haixlened and elongated 
(setie), or tliey ni.iy be glandular. Ae,cordiiig to the 

nature and number of tlie hairs U|Km it, a surfjMe s;iid to Im* pubtserjU (the 
flow’cr-stalk.s of the J’nmrost*), piiose (leaves of the .Su'iflower), hirsulc (Myosohs 
sylvfUira), setose (Borrage, Ecliium), vUh'iisf Ananone pufsofilla)^ tioiieatosr. (leav<*H 
of Petdsites ami sfturius)^ silky (leaves of Sahjn/b'f), troolly ( SUuJiys yrr- 

manica). If there are no hairs upon it, it is said tf* !•<' i\loJl>rovM, 



Fio. 21. - Crieklus on 
thu Htcni of the HrunUiIe, 
RuhuH jValtecmus (iwil 


§ 9. The bexly of the lower plants (Alge‘, Fungi, ami many 
Liverworts) exhibits n<j differentiation of sUuu, leaf, and rcxit. It 
possesses organs wliicdi .serve, like the roots of tlie higher jdants, U. 
fix the plant to the soil and to al>8orh nutriment, and frequently il 
exhibits branchings which resemble leaves; but these structures do 
not properly Mong to the two categories as definful in § 1. Such a 
body is termed a Thallwi. A thalJus may, and very frequently dofjs, 
bear true trichomes. 



PAET 11. 


THE ANATOMY OF PLANTS. 


§ 10. The members of the plant which have been described in 
Part I. agree, as to their external structure, in this, that they all 
consist of cells or of structures formed by the modification of cells. 
The cellular structure of the parts of plants may be easily observed : 
a section seen with even a low magnifying power shows cavities 
separated by walls. Sometimes it is possible by mere pressure to 
separate the cells forming a tissue, as in the case of the ripe Snow- 
berry (fruit of Symphoricarpus racemosa), when they appear as closed 
vesicles filled with fluid. Certain cells always occur isolated ; thus 
the pollen consists of isolated cells. The form and development of 
«ells, the mode of their combination to form tissues, and the resulting 
texture of the tissue, may vary greatly. Mere rupture of any part of 
a plant shows that it consists of fibrous tissues surrounded by more 
yielding substance. Since the variety of the tissues depends upon 
Hie development of the cells composing them, it will bo advantageous 
to study cells, as such, first, and then the tissues. 


CHAPTEE 1. 

THE CELL. 

§ 11. The Structure and Form of the Cell. In a well- 
developed living cell the foUo'wdng three principal constituents may 
Ik) distinguished : 

(1.) A firm elastic membrane, closed on all sides, the cclUwall 
(Fig. 22 C/i), which consists of a substance peculiar to itself called 
cellulose, 

(2.) A layer of soft substance, the lying in contact with 

the inner surface of the membrane, and, like it, closed on all sides ; 
this always consists of albuminous substances (Fig. 22 C p). In all 
the higher plants the nucleus (Fig. 22 C h) occurs imbedded in it. 
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(3.) A watery fluid, the cell-mpy which fills the whole space en- 
closed by the protoplasm (Fig. 22 C. «), 

The same cells in which these three parts may bo distinguished, 
present, in their ^ ^ ^ 

young state, when \ ^ lu-: ^ 

they are very much j | if \ / il 

smaUer (Fig. 22 y | iK 1/ ^Kjr 

A) y quite a dif- If KL 

ferent appearance. ^ 

protoplasm fills the ^ j ^ *} [ 

whole cell ; the cell- ^ ^ f \ 

sap makes its ap- 1 % 

pearaiice in the B If® ^ I ^PQ 

coui-se of develop- fl * ffi. 1^11 J W 

inent, at first (Fig, 22 | ' |( ' 

B) in the form of | lip. 1|CT -m’ ^ ^ 

small drops, which 

are termed vacuoles, t ^ 

These, while the ^ . * ’ » / 

whole cell increases ^ . 

in size, gradually | SS W^ J ’V 

increase also and | ^ | 

coalesce, while at 1 V ‘ ^ - 

the same time the \ 1 • '* h 

bands of protoplasm / ^ ll m ^ ' 

which separate them ' ^ P • 

are absorbed into Pjo. 22.~-Parenchyma-cellH fn in the cortical layer t)f the root 

the peripheral layer. Frituiaria ivtjMriaUK ; louifit idir.al HcctioTiH (x 5fj0). A Very 
J , 1 . f I , <'’clls lyiug clrwio tr» the hj) 0 \ of the rwt, atill without 

In tnlS way tliese ccll-t»ap. B CdUiof tbcRanu <leH<;ription about 2 mm. above the 
cells attain the con- *1*®* *'‘^t ; the ccll-wii a forma aeparato drojie In the 

J*,. • -L* i i.r protoplasm p, C Colls of the namo deHcrifition about 7-8 inro. 

dition in which they ^ 

remain until the below are seen in a front view ; the large ceU to the left >>elow 
deatll of the onran ** »oction ; the ccll to the right Blx)ve Is opened by the 
o section ; the nucleus shows, under the influence of the ixjuetrat- 
of which they form ing water, a peculiar appearance of swelling (x y). (Coined from 

part They may be 

taken as examples of the cells which compose the succulent jiarts of 
plants such as the cortex of stems and of roots, and fruits. Other 
cells, as for instance those of wood and cork, pass lieyond this stage 
and become still further modified ; the cell-sap and protoplasm dis- 
appear so that at last only air or water is contained within their walls. 
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But whilst cells of the former class, furnished with protoplasm, are 
caimble of carrying on osmotic and chemical processes, and, under 
certain conditions, of giving rise to new cells, that is to say in short, 
of living, mature wood-cells, devoid of proU»pla8m, are no longer 
capable of i)erforming these functions ; they are of use only in virtue 
of the firmness and otlier physical properties of their w’alls. Hence 

the protoplasm is to 
be regarded as tlie 
living l)ody of the 
cell. Indeed, there 
are cdls which, when 
first forni(‘d, consist 
only of nakf^l pro- 
C toplasm, and tliey 
occur ]>recis(dy in 
conn(*xion with the 
most important vital 
function <»f the or- 
^ ganism that of re- 
j»roducliiui. Such 
cells are termed j>ri- 
iuftrdiffl cells (Kig. 
37 They suh- 

se<juently become 
surrounded by a 
meinhrane which is 
secreted hy the pro- 
toplasm. From this 
it ap])ears that the 
cell-wall, as widl as 

Fiu. funtif) of wUr j4 The eiul <»f a tumt-fibre. the C(*ll-saj), is a J)TO- 

wlth ntniiitUy thiokeiUHl pitted >\.LUHUt>n>;rUuiUiial RcviUm X duct of thc vitjil 

ti WtHHl-ceUii fnuu the nK»t ef the Cuoumber (x ;hh*). «urf:ice- ,• . t ,1 ^ 

view iuid Htx'titii) C Part of vcMHel with iHtrdvrt'd )>it« from thc 

*tom of Udointhn* tuhri'otHt. cut open nt the top. At a toplasill. It luiS Well 

and 6 the i\*nuunH of tJie al>t»orbud Hcpta an* vitdblc. . , . 1 ^ 

attomptc‘d to express 

the essential characters of the cell hy describing it as a living muss uf 
protoplasm which usualhj surroumls itself with a jinn memhrtnic^ 
amt fahes tip fluid ifdo Ust lf. 

Various us the int<*rnal arrangements of the cell may be, its size and 
form may vary quit^ as widely. While some ctdls are so small that little 
more than their outline can be discerned witli the help of the strongest 
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magnifying power (about 0*001 of a millimetre in diameter), others 
attain a considerable size (from 0*1 to 0*5 millimetre), so as to In? dis- 
tinguishiible even by the naked eye (for exam]>le, in the pith of the 
Dahlia, Impatiens, and Elder (Sambncus)). Many grow to a length 
of several centimetres, as the hairs upon tin* seed of liossypnim 
(cotton) ; others finally, as in some Algie, where the whole individual 
consists of a single cell, attain still larger dimensions. 

The Form of such cells as constitute an entire' indivitlual is oftt'ii 
nearly spherical, or r)Void, or tubidar; but they may also exhibit a 
highly complex conformation, in consequence of the assumption of 
quite ditliTent forms l^y the various outgrowths of one and tin' same 
cell, 'rile various organs of highly (»rganised ])lants consist of very 
ditferent etdls, and evmi in the .sanu* organ cells lie si<le hy side wliieh 
are (»f very different form, and whieh arc filled with different 
contents, for diversi*. funetions have to he perfonm'il hy a single organ. 
The cells in such a ca.se are sometimes spherieal or polyheilral, with 
nearly (M|ual or slightly differing diameters (Eig. ‘-2 C, as in pith, in 
juicy fruits, and in heshy tubers, as the potato) ; souM'timt's greatly 
1 ‘longateil and at the same time cxces.sivcly narrow (Kig. 2d A and //), 
as in woikI, in basl-tiln'es (Flax), in many liairs (Cotton). Eongitn- 
ilinal rows of cell.s frequently coinhine to form a special organ by the 
absorption of the transvi'rse .septa which sejiarate thior cavities (Fig. 
2d C), It is thus that Icssc/.s', as they arc called, arc fonmul. See § 22 
§ 12. The Cell-wail con.si.sts of eeIIulo.se, water, ami inorganic 
constituents. It originates and grows in con.scijueiice of the secretion 
<»f lh<*s«* substances by the ]»rot(»pIa.sm. 'fhc' growth of the e.ell-wall 
takes })Iace both in extent and in thirknc.ss ; it is ctfcctcsl by the 
intercalation of additional ]>artich‘s of .solid matter ix-tween those 
already existing in tlie membrane.* 

Jly its tjmu'fh the surface of the im mhrane, and conse- 
quently the whoh‘ volume of the cell, is increased ; so much so tlmt 
the v<»lume of the cell not unfretjiiently Ijceomes a hundred ff>]d 
gi'cater. 'J’hiis, for in.staiie<*, in a leaf enclosed in a leaf-hud, the cells, 
of which it will ciui'^ist when mature, all exist already, and it is hy their 
simultuioous incrcjise in volume that the leaf attains its ultimah! size. 


* Tliw mode of growth by interralation of solid satihtanrf- tx tie* fxistiiig 
particles is known as and is eswntially ditrerent from oppos/fion, 

tliat is to say, the df'iHwition of le-w partirli^M ujrxjn the surface of tlie glowing 
l>ody, as in ciystAls. This pheiioinerioii is rlowly connected with fie* idea that 
in the cell-wall, as in starch grannh-s and other orgariiwd Ixslies, tie* solid par- 
ticles must be conceived of as being surrounded on all sides by water. 
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In the rare cases^ in which the superficial growth is equally great at 
all points, the cell preserves its original form, but usually the cell-wall 
grows more vigorously in certain parts than in others; thus, for 
instance, a primarily spherical cell may become 
; cubical, tabular, cylindrical, tabular, fusiform, 
and so forth. 

The growth in thickness of the cell-wall is 
I also rarely uniform; the ctdl-wall commonly 
becomes more thickened at sonie inunts tlian 
, . at others, and thus acquires inequalities of 

of dchoriutn lutybut ,■ tho ni* suriacc. 111 the caso of isolated cells or of 

Hphoricai nurfaco of tJio free cell-walls, thc prominences existing in this 
iwll-wall is furniMhcHl with .i . i i* . 

ridK«-ukoi«-<.j«oti.m«proi<.nK- external surface a})i)ear as warts, 

odinto BpiiioH, and fonuing a tubcrcles, knots, &c. (Fig 24). (’ells that are 
network (after Sacha). United to form tissues liavc their ine(;ualitie8 

on the internal surface of tho cell-wall ; the prominences sometimes 
have a definite form and project into the interior of the cell ; such are 
tho annular (Fig. 2r) r) and spiral thickenings (Fig. 25 s) of the walls 



Fio. 26.— r Annular, $ 
thickening of tho 
vral)« of vtNMkchi : r neon 
fnnu Mitnido. * In longitu- 
diutd iHK'tiou highl^v inttgul* 
flod (diggnunmaUcX 



Km 26.“ A cell with 
piltc<l wall* from tho 
wtHid of the Elder (8am- 
InicusX A longitudinal 
Moctiou allowing the piU 
in tile lateral walla aa 
chaimols, a ; and in the 
farther widl an roundiah 
6. X 240. 



Fio. 27.~ Tranaverse aectloQ 
(kf a liMt-ccU from tlio nnit of 
Dit^lia rarx/ibilu (x bOO) : I 
the cell-cavity , K pit-chan- 
iicIh w'hich ^Mmetmte the 
MtraUfication ; *p a crack by 
which an inner system ik 
layers has bec<imo se].)aratad. 
(Co}4od from Sacha ) 


of certain vessels ; in the so-called rcUculaieil cell-walls, the thicken- 
ing is in bands, which ore united into a network, so that circular or 
oval thin spaces are left. In other cases, solitarj’ and relatively small 
thin spaces are left in the wall in the cooise of the growth in thickness, 
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which appear, when seen on the external surface, as bright spots, 
commonly called pUs^ and are seen in section to be canals of greater 
or less length, according to the relative thickness of the walls (Figs. 2G 
and 27). Very frociuently the pit, when seen from the surface, pre- 
sents the appearance of two concentric circles (Fig. 23 C); for this 
reason, that the oi>ening of the canal into the interior of the cell is 
narrow, whereas the external o|>ening is broad. Such hmlervit pits 
occur in the w’ood-cells of C^onifers (Fig. 42) ; in the w’ulls of many 
vessels (Fig. 23 C)\ and elsewhere (Fig. 41). The scahtrijorm 
thickening of the walls of many ves.sels arises from the rt'gular and (dose 
arrangement of bordered pits w'hich are much elongat(*d transversely. 

The cell-wall shows indicat ion.s, in many cas(‘s V(‘ry plainly, of an 
intiinat(‘ structure which deiKUids up(»n the n'gular aIt^*rnation of more 
and less waU^y layers; this displays it.self in transverse and in longi- 
tudinal section as conctmtric strut ijirftfi<>n (Fig. 27), and on the surface 
as strluiitut. 

Thin cell-walls generally consist, as regards (»rganic substance, en- 
tirely of cellulose, which assumes a blu(3 tint on the addition of iodine 
and suljdiuric acid. In thickemjd W’alls it fretjinuitly hap]M*ns that 
certain parts, composed of successive layers, consist of moditi(3d (M'dlu- 
lo.se. Th(' principal modilicati<»ns are the following : 

(1.) 'i’he cellulost! may 1x3 converte<l into cork (cuticidariscxl). 'rh(3 
cuticularis(‘d cell wall is extensible, highly elastic, almost imp(‘rnieabl(3 
to water; it turn.s yellow when treated with iodim*. and 8ul|)hurie acid 
(examples, the cells of the epidermi.s and of cork, pollen-grains, H|K)res). 

(2.) The cellulose may be converted into lignin. The ligneous cell- 
wall is hard, inekistic, it is easily |K}iietr.ited by water, but it (hxis not 
abs(‘rb much ; it turns yellow when treated with iodine and Kul]»liijric 
acid (examples, wood-cells). 

(3.) I’he cellulose' may be converted into mucilage. Tim nnicilagi- 
nouH cell-wall is, in its dry state., bard or horny ; it ( an absorb a great 
quantity of water, and at the same time it incream^s greatly in volume, 
becoming gelatinous ; it u.sualJy turns blue with iodim3 and sulphuric 
acid (examj>les, lin.seed and (juince mucilage). 

Those mollifications may occur citlier singly or together in this 
different layers of one cell- wall. 

Mimrul matters are also frequently deposibsd during growth in 
considerable quantity in the ccsli-wall, particularly salts of lime and 
silica ; they are usually inU^rcalated b.'twtx'n the sidid organic particles 
of the coil-wall so that they cannot Ijo directly detecte^i, but nrmaiii 
after burning as a skeleton which retains the form of tlie cell (ex- 
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amples, Silica in the stems of Grasses and of Equisctaceae). Calcium 
carbonate sometimes occuw in a crystallised form (as in the epidermis 
of the IJrticeai), and calcium oxalate also in well-defined crystals 
(§ 18, Fig. 31). 

§ 13. The Protoplasm consists princiiially of albuminous 
wiilistances (prohjiris), water, and a small proportion of ash constitu- 
eiits. As it is tlie seat of all the vital phenomena and nutritive jirocesses 
of the cell, it must obviously contain within itself at difVerent times 
sill the other chemical constituents of the ori^sinisin. Sonu tiiues it 
appears homogeneous and trsinsparcnt, but it is generally more or less 
grsmular in conKe<|Uence of ilie jiresence of drojis of oil, of staieh 
gniins, A'c. It is of a tensicious consistence, sometimes firm, some- 
times almost fluid, but it is never a true fluid. When the proto]»lasm 
euelos(‘S granules, an outcT layer free from granules can be deteeleil, 
wbieh is fri‘(|uently very tbin ; this is called the vt'tuplnbnrh Frequently 
a part of the water wliich saturates it collects to form vnnK^Ivs ; when 
th(*se (Mndesee and the cel l-.sap fills the greater part of tlie cavity of 
tlie cells (Fig. the protojilasm forms mereljMi layi'r within the 

e(‘ll-wall, wliieh lias been termed the //rlwifrtlial nfnr/f\ Living pro- 
toplasm will ni'ither absorb colouring matt(*r dissolved in water, nor 
allow its pa.ssage, but dead juotojdasiii has no power to liinder its 
iliHusion, and even takes it up in considerable quantity. 

The nueh’Hs^ on account (»!’ its constitution and po.sition, is essentially 
a part of the ju’otophism ; it i.s MMiiting only in ciutuin groups of 
lower plants (ot’leu in Fungi and in some Alga*). It contains one 
or more much smaller bodies calle<l (Fig. 22 A /.* /. ). 

The inovmncnts of ilu* jmiliiplasni are among the mo.^t remarkable 
<»f jdienoiuena. In many celL curnuits may he jierceivi^l which flow 
from the nucleus outwards, towards the perijiheral protoplasmic layer 
(('ireuhtfioH ); or the whole peripheral layer of protoplasm is iu rapid 
movement along the walls of the eell ( /iWo/Zoa/ Naked jiriiiuudial 
eells, as for iiistauee swanU'SjKnx’s and antheros^.oids, swim about in 
the waUT in whuli they live, rotating at the same time on their own 
axes. Tlu^ so calh*d plasmodia of Myxomycetes exliibit an aiuu boid 
movement ; that is. the naked mass of protojdasm continually changes 
its outline, new' protrusions are throwui out from the ceiiti-al mass 
whilst others are withdrawn, and it thus moves slowdy from jdace to 
jdace; at the same time a rapid motion of the granules wiiliin the 
mass is giving oil 

§ H. Crystalloids. Sometimes a part of the protophrsmic 
substance ossumcis a crystalline form : bodies aa* formed w hich are 






I'll. I’s from tUo » mlio^ikr'rm of \ 

UuiHjx toui...U’nM ( -' WMi^ .i fu’«h, in \ \^' *><• 

tiaoW Klvoeniii', H in ililntt* i;lyivnn«‘, C H 

w.iimtvl tn iiU\-K'rnu\ /» !ift4-r Imitmmt through 

with .ilooiiul ami iiHltm' ; th»> alotip<no- u ootylclon of tin* oiiii»ryo in u Hik* sortl of f'atuia 
jrriitm liavo iKH'ii lU'Mtroyoii »*y ^.lilplinrm tin- InrKo n.mvntrlcuUv f-tnitifto.l KriiliiH 

ii-ia. tlu- an.iimlnoKl u-mainiiiK' in'lnmi .t-n ^tar.-!, KiuniM (rut throiiK^i.) , llm Himill k»-h 

a not Work. In tho ah aioiu* i^ratns tin* i,,,},.}, „ ^j-i ulonrono, ronwiHtliiK' |>riiu’l|>aUy of 
l^'lolMti.i tiny l>c rcfoj^iiM.’<l. umi in fUt/ h.j^.iimino with u iittlo oily inattor, » the lnt<T 
the t rysUlloul cclhilur hiiac M. 

(K'talifilriil, t.<’tralu*tlr;il, or rlioinhoitlul ( Fij.?. *JS) ; Imt they arc 
r.s^rntiiilly tlid'iTont from true cry.stals, imisiinuh iis llioy un* 
cajiiiMc of .<>W('lliiig-ii|» ; tliat is to say, of im roasing coiisiilorably in 
voltiinn wlnm tnati'il with various n-agent.". Sm]j (‘r\staIIoi(ls 
otcui\ for in.^taiKi'. in th(‘ tuber of the Potatt», in oily seeds, in retl 
marine Alga*, A'e. 

vj lo. Aleurone-grains. In oily seed-, llio pnitoplasm is 
aggregated into spherical gnuuiles of various si/<-s, which lie in a 
m.’itrix of aihuminous and fatty mailer. Tie ari* the IToteid- or 
Aleuroue grjiins. Thene grannies consist of albiirninouH suhstaiices, 
and almost always enclo.ve. oiht r bodies (Fig, (") ; tbest* are tbe 
above-mentioned cry.slalloitls, and j«-*eiiliur small round liodies, the 
[fhihjihj which consist of d«mhle phosjdmb^ of lime and magnesia. 
Thtfso Ijodics may wcur separately or t(;gether, according to the kind 
of jdaiit. In seeds whieh fire ricli in starch, the spaces Is tween 
the large starch-grains art; tilled with similar but much smaller 
gniimles (Fig. 29). 

§ 10. Chlorophyll-corpuscles, llie green colour of most 
pa^t^^ of jdauts is pioduced by the presence of green granules, called 


32 PART U» — THE ANATOMY OP PLANTS. [§ 16. 

ChlorophyllrCOTpwcleBt in certain cells (Fig. 30). These are composed 
of a colourless ground-substance, throughout which a small quantity 
of a green colouring matter called Chlorophyll is distributed. If this 
colouring-matter be extracted by a solvent, such as alcohol, the 

colourless corpuscle re- 
mains unaltered in size 
and form. The cor]>u8cle8 
are always imbedded in 
I)rotoplasm, and their 
ground-substance is only 
a specialised portion of the 
protoplasm. The corpus- 
cles do not always occur 
in the form of granules ; 
in some of the lower Algic 
the whole of the proto- 
plasm, with the exce])tion 
of the ectoplasm, is co- 
lourc<l green ; in others 
the coloured part (»f the 
protoplasm {issumes a 
stellate form (Fig. 76 A), 
or it exists in plates (Fig. 

Fio. ao, - Chlor<>pl)yll*c<>ri»UHclcn in the jirot<*i)bwm of ^ /> /»\ 'll ] 

U»o ocUm of tile ptMlliaUiunt of a Fcm. A Optioul Hoctlon ^ ” ■*' ^ Spiral bailUS 

of tho eellH, U )wrt of h cell neon fn>n» Iho BUrface. (Fig. 40 c/), ThcSC greCll- 

Colol.ml iwrti.ms of tho 
protoj»la,sin arc all included under the general term, chlorophyll-cor- 
puscles, Umler tho influence of sunlight starch-grains are formed 
in the interior of these chlorophyll-corpuscles, which ofUm gniw so 
large that th<‘ substance of the chlorophyll corpuscle is only discernible 
as an extremely delicate layer covering the contents (Fig. 31). The 
nltiinate fate of the chloro[»hyll-corpusclo8 is to bo absorlxnl, as 
hapt>cns, for instance, in tho cells of leaves before tliey fall, and 
nothing then remains but small yellow gniimle^ 

The grtHin colouring-matter, the chlorophyll, is mixed, in many 
families of Algje, with other colouring-matters, and the coloured 
protophwm appciirs bluish-green, olive-green, dull yellow, or red. 
Occasionally tho chlorophyll itself undergoes mcKlitication and becomes 
red or yellow, and the fonii of the corpuscle changes at the same 
time, as in the ripening of many fruits, which are at first green and 
then become yellow or nnl] e.g., the Tomato ( Lyco}*cmcum e^identum ). 




CHAPTER L— THE CELL, 


33 


k % 


Pi«. 31. St‘|inmtct*hlonii)hyll-«'i»rpnm'loH 
with whiri'hy fmm tho Iciif 


W'^^rni to divide, r tl t old corpuNeloit in 
which the Khirchy cmitcutH All alm*wt 
the whole Hpat'c, / and j? after iiiaceration 
ill water hv which the a«lMtan(‘o of the 


Closely related to the chlorophyll-corpuscles are those protoplasm itr 
bodies which are tinged with a yellow colouring-matter, and cause tht^ 
yellow colour of many flowers, e.g., ^ 

the Dandelion TaraxacHm oMchudU, , W 

Q 

In many cases the green colour of Klx c 

different parts of plants is dittguised ^|r flO 

by tlie presence of other colouring- y 

matters which are in solution in the 
cell-sap, 08 in the leaves of Ainuran- 
thus and of the Virginian C>eej)er at 
the end of the summer, 

§ 17, Starch-grains are small 

, , , ,, Pi«. 31. St‘|iamtct*hlomi)hyll-ci>rpnmdoH 

hard grannies, nsutilly round, o\al, or nhirchy c«mt^'iit« fmm the leaf 

lenticular, consisting of starch, water, hvprtwtrtnca n a youn>r 

.•in<l .'1 small proimrtion cf im-onilms- 

tible a^^h, which occur in certain cells which tiu* aUnhy contcuu All aitmwt 

, n 1 . 'ri i. i t the whole HiMite, /and /7 after maceration 

of almost all plants. I he tulmrs uf , , »Vi 

* in water ny which the anlMtan(‘o of tlm 

the Potati), the se<*ds of cen*al and coriiuack* ha« iKum deHtr«»ycd and only 

1 , • I , *11 the Hturchy nmtenta remain (after SiicIjn I 

of leguminous j»lants are especially ' 

rich in them. 'Ihey he extraet4*d hy maceration from the organs 
'in which they occur, ami then apjMuir to the naked eyt* os a whit»‘ 
jKnvder, which is known us Sfurr/t. Starch Ix'longs, like, (’ellulose, to 
th(^ carbo-hydrates. It may lx*, easily shown tlmt each grain cmisists 
of two substances, of which the om*, 6Vo//?//o.‘fr, can be extractial by 
saliva or by dilute acids, while the other, St^urh-rrllulnsr^ remains as 
the skelet'di of the grain. The. f(»rmer turns blue with io<line alone, the 
latter only after treatment with strong sulphune acid. When hoihsl 
with water or when trcjated with p«»tiish, the graiii.s swell enormously 
and fonn a paste, 'i’he sul>stance of the starch grains is always 
disposed in lav*Ts round a centre, the hilum, uml this dispositiiui 
in layers, in? in the e.'ise of cell-walls, i.s the result of th(^ regular 
alternation of deir-e layers with more watery layers. 'Ihe. hilum is 
the most watery jKirtion of the whole grain. From their first appear- 
ance the starch grains are linn, solid bodies. So long ?us they continue 
to gro\v, they are always imlssided in the protoplasm of tie* cell ; it 
is only at a later stage that they lie free in the cavity of the cell. 
Their giv»\vth does not j)rfx?ce<l by the defK>sitioii of new‘ layers upon 
the exterior, but by the interealation o{ new ptirticles of solid matter 
between those which alrf*ady exist. J5esi«le8 the simple grains ( Fig. 
32 i4), comi>ound grains occur, which are forracMl hy the <lovelopment 
of new hila in an ordinary grain, each wdth its ow'ii system of layers 

3 
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J) 


(Fig. 32 D), If, in such a case, the external layers which enclose 
the whole mass are of considerable thickness, the grain is said to be 
semi-compound (Fig. 32 B). By pressure the compound grains may 

be split up into their component 
granules. The so-called spu- 
riously-compound grains are 
very similar to those; they 
consist of several grains which 
liave become adherent in conse- 
quence of nnituiil p7*essure ; 
Uiey occur fn'qiKjnily in clilo- 
ro])hyll-corpnsclcs (Fig. 31). 
Htarch-grains are formed in 
plants to })e 8ubHe([Ucntly con- 
sumed in the process(*s of growth 
and of nutrition ; they are fre- 
quently stored for a long time 
in certain organs, tis in seeds, 
roots, and tubers, and wlien 
they are m|uinMl for consumj>- 
tiou on germination or on a 
renewal of the gnnvth of the 
])]ant, tliey an^ redissolved. 
The forms »>f the starch-grains 
an*, characteristic in tliHerent 
kinds of plants; thus those of 
eccen- 

tricallyoval, thoseof leguminous 
plants (Fig. 29) concentrically oval, those of Kye, AVlieat, and Barley 
lenticular. 




I'm. .TJ Strtix’letfralnH fntm tl»o lulKsr of a 
Totato ( \ SOe). An oldvr Kimplo kt.Uu . Jt a 
IviHittlly grain . V /> ja'rfrotly coin 

ItiMind , A' an oKier the hihim of 

which ]uu( divlilotl : a a very youiiK f> an ,, i, . . .i-* .1.,. 

nhh»r Kmin, c n atlll ohicr ((niin with dlvltiwl ^ " ( 'n* * 

hihim O'oplotl from Hacha). 


§ 18. Crystals are frequently found in the cells of plants ; they 
sometimes eousist of ealcium carbonate, for example, the ervslals in 
the protoplasm of Myxomycetes and the crysUdline de]K)sit in the 
cell-walls of cerhun Urtieme. In these plants there is generally a 
jH^culiar club-shiijH'il ingrowth of the cell-wall of certain cells which 
])rnjects into the interior of the cell, in which the calcium carbonate 
is doposibHi ; these ani called Ct/stoliflui. All the other crystals 
hitherto recognised consist of calcium oxalate, which crystallises in 
two systems acconling to the proportion of water which it contains ; 
to the one system, the (|uadmtic, Kdong the octabedra (Fig. 33 I), to 
the other, the clinorhombic, belong the acicular crystals, which are 
called Jiti 2 }huhSf and which occur, united into large bundles, 
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particularly in ^fonocotyledons. Besides well-formeil solitary crystals, 
aggregations of them also frequently occur. These crystals arc found 
in the protoplasm, from which they subsequently find their way into 
the cell-sap (Fig. 33), as well as in the cell-wall, particularly in tho 


Knj :U OyMtiiU ..f oil! 
ciitiii oxiilat(* in th«i wiil) of 

tho liOMt-i'cIld of 
t»iTut h'ortunfv (x <100, afU'r 

.SohlJM) 

y,. 

I'mi rw - (’n Ktulx cif c-alctum m the c«IIh «f tho ^wtiolo of a Hcjfoma ( • i SollUry 

fryfihiU , fir oluntor 

wood of (’onifcrs (Fig. 34) . and also, in I.icluois, «»n the free out(‘i' 
surfjice of lh(< c< ll-wall. 

§ 19. The cell-sap saturates th<* ndl-wall, the protoplasm, and 
tin* whole <trganic structure of the (m* 11 ; it usually alK«> collc<'iK in th<- 
int<'rior of the j»rotophi.sni so as to form vaeuol(‘.s or a singl<* Iarg<' 
sap-eavity. It is a watery solution of various Huhstanc<?s ; salts an* 
iK'ver absent from it ; in certain cell.s of many plants (as the Sugar- 
cane, tlx* Maple, and th<* le'ct-root) it conhons large <|uantiti<‘s of 
can<‘-sugar, which can Iw extrachnl from it by a ndifiing j<rocess ; in 
the cells of many kinds of fruits, a,s the grap» ami others, it contain.s 
grajH*-sugar. ]k*.si<h‘s the.s<‘ suhstjinces, tannin and inulin o(‘cur, as 
well as a(*i<ls, such as malic acid in the apple and oile r fruits, eitric 
aci<i, in lemons, A'c. It alM» c<»ntains the colouring-mat h rs of most n‘d 
and blue flowers (Krvtbn)j»byll and Anthocyanin), an<l fd many fruits, 
Its the cherry aixl eld<'r h<*rry, with many otluT matters. 

§ 20. The Development of Cells always takes place in such 
wise that tlie whole or part of the protoplasm of a cell alrea<ly exist- 
ing, t?te mnthpr-<‘d1y underg<x:s r<*-arrangement There ar<3 two principal 
modes of cell-formation : 

I. In growing vegetative organs, a division of the cell takes place, such 
that the whole of its protoplasm, without any rounding-otf or contrac- 
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tion, is divided into two parts, two closely-apposod nuclei make 

their appearance in place of the one 
which previously existed, and a new 
membrane is formed between the two 
masses of protoplasm only along the 
plane of division (Fig. 35). This mem- 
brane is usually formed simultaneously 
at all points of the plane of division ; 
it is only in certain low-forms of Algaj, 
e.g., Spirogyra, that it grows in as a 
ring from without inwards. 

II. The formation of the cells which 
subserve reproduction (sec § 55) is 
always accompanied by a rounding-off, 
which takes place either before or during 
tlie formation of tlic new wall. This 
wall is always formed over the whole 

Fm, nr,.-CoU-dlvl,ion tn the ...rU., 

• •f tlio Ktctn of k trot Faint o ? o 

( X At « tho divitiinn oftou occurs soiiiowhat late. 

taken placo. tho nucliMiK HtUI .Mlh«rc4. /| \ 

to U>o new wall : at ft it Ujui rotreatc<l ' • i i 

to Uio older wall jilasm contained in tlie inotlier-cell may 






Pio. JMl — T)ivl«inn of the MoUior-coll* of the pt'Ucn- 
Krainii of Altluta mum. At .4 and If the |iartiug of Uio 
plaiim Into ftmr has bctjim : in P U»« growth of tho 
incmbrano in far advanced, and in E it is complete 
(after SachaV 



Fui. 87 -Rejo'cncjavnco ns 
oxhihited in tlie fonnutiuu of 
the swarm -iiporos of (£dogo- 
niuni. A Portion of a filament . 
in the lower cell the protoplasm 
is beginning to c(«ntract, in tho 
upper, the jouug piimortUal 
cell is oscai^ilug ^ JTy BA swarm 
spore. C The li^iunlng of ger- 
mination ( X 350X 


break up into a great number of smaller masses, as in the formation 
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of the swarm-spores of many Algiie and Fungi (Fig. 38) ; in this case 
the primordial cells escape from the mother-cell, and it U some time 
before they ore clothed with a membrane. 



Fin 3H Z<»fwqKiriinjfUi of nn Adilya 
(x 160). J HttU vhmiti. B AUowiii»r 
tho s(x)if<ini<lia to e#ca|K*, U a 

lateral «htx*ic, a the Jiint 

CHca|M)d ; the a)jau<l«>rMvi inciiihniiiua 
of the aoOf^ouidia which have already 
a wanned awaruiiug afWi^foiiidiaCcopie'l 
from SaclntX 



Fio. 3fl.~Kr<v i-.'l! formation In the and of 
PfSiza rovrtruhL a (' Mucctmelvo Hto{m In Uw 
dcvdoiniiunt of t)ic aar*i and aj>orcH (after HucUa, 
X .OW)). 


(2.) The whole prot^iplasmic cembrnts of the motlier-cell may beeoiiM* 
aggregated around four newly-formwl nuclei j this pm<x*fw (x^curs prin 
cipally in the formation of the pollen of phanerogamous i>laiit« 
(Fig, 36), and in the formation of the spores of Mosses and Vascular 
Cryptogams. 

(3.) The whole protoplasm of the mother-cell may undergo rf‘ju- 
venescence, when it contracts and reconstitutes itself as the new 
protoplasmic body of a daughter-cell, which subsec^uently surrounds 
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itself with a new membrane. It is in this manner that the single 
swarm-spores of many Algss are formed, as in Vaucheria, Stigeoclo- 
nium, (Edogonium (Fig. 37), as well as the oospheres of Cryptogams. 

(4.) In free cellfommiion certain portions of the protoplasm of the 
mother-cell constitute new cells and acquire a membrane, whilst the 
remainder persists as the protoplasm of the mother-cell, which con- 
tinues to live, e.g. ; the formation of the spores in the asci of Fungi 
(Fig. 39) and Lichens, of the endosi>erm, and of the germinal vesicle 
(oosphere) of phanerogamous plants. 

(5.) In conjugation the protoplasmic contents of two or more cells 
coalesce to form a new cell, which acquires a membrane : this is called 
a Zygoeimrc. This process occurs in a typical manner in various 
groups of Alga*, e.g., Spirogyra (Fig. 40), and of Fungi. 



Fm; 40 C’oiijujfJttlou of the colls of 400). A The colls of two fUamenU 

which art' projiaml for coiijuMfaiion. At a tlio fihuuouts have Itoffxiu to swoU towariU cjteh 
»»lhcr. The spiriil Uuids of chlorttphyll aro recoifnlHahlo at cf, and the iiucIouk at K. At B the 
pndopLuimic conUMits of the cell p Is fusing itaelf with that of the other j/. AtCisaiier- 
Icctly fonnod Zygu«iH>re. X. 

Hie formation of new cells does not therefore necessarily imply an 
inereust' in number ; this is the case only when division into two, four 
or many cells, or free cell-formation occurs ; in the princess of reju- 
venescence the number is unaltered, and in conjugation it is actually 
diminished. 


CIIAPTEK 1 1. 

THE TISSUES. 

§ 21. Those combinations of cells are designated Tissues which 
are governed by a common law of growth. Accoixliiig to their 
arrangement in space, the following combinations of cells may bo 
distinguishod : 

A. FilatnetUBf where the cells are connected only by their contiguous 
ends, and so form a hlament, e.g., many Algie, as Spirogyra (Fig. 40), 
CEdogonium (Fig. 37), and many hairs (Fig. 62 a J), 
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B. Surfaces, when the cells form a single layer and are in contact 
in two directions of space (length and breadth), e.g., many Algie and 
the leaves of many Mosses. 

C. Masses, when the cells are in contact on all sides. 

The tissues commonly consist of cells which have originatinl from 
common mother-cells by their repcateil division into two, and which 
have lxH*n connected fnuu the first in cimsetpiencc of the mode of 
formation of the septa (Fig. 55). In a few special casc.s tissues are 
formed otherwist* (sjnirioas tisstas); either cells which have been 
hitherU» Lstdated become adherent and then continm* tht‘ir growth in 
common, or filaments consisting of rows of cells become intt'rwoven 
and exhibit a common growth, without however having Imtoiih^ 
adherent in every case (Fig. 39 ^7^). 

§ 22. The Common Wall of cells ccunbim d into a tissm* is, 
in the first instance, usually extromely thin ami delicate, and appi ars 
umler the stronge.st iimgnifying p<»wer as a simple plat(» (Fig. 35). 
As it incro4i.ses in thickness a inaldlt' ianuJ/n usually ls*comes visible 
(Fig. 41), which divides lh<j wall int<> two parts, em* of which aj>pa- 
rently b ihmgs to each of the contiguous cells. 'I'liis middle laim'lla 
is nothing more tlian a s[H;cially differentiated part of the wall which 
iM'hmgs to both of the cells in common. Its chemiiyil comj>osilion, 
w'hich is iliffereiit to that of the re- 
mainder of the wall, |H;rmits of it^ 
solution tin nitric acid and chloraU* (»f m*] 
js>t4Ush),8o that theindiviilual cells may 
be separated. When the common w^all 
of similar cells is pitbal, the pits on 
each side iiccurat4dy meet (Fig. 41 /) ; 
if, however, certain cells of a tissue 
undergo a sjK*cial modification, as in 
the vessel.s, the uiie/jual thickening of 
the membrane is confine<l U) (iiie side 
only of the common wall ; in the (««! . t™.,. 

ven«j Moctlon i.f Om rtlU <>f 

of Spiral thickening of ih**, cell-well TrurhoiaantM t/m 1 1 'Hit' 

this is self^svident. ecll wall o.. . I .»ll 

\ 1 1 • 1*1 \ cavity . t i»iu which inwt in 

The bordered pits, whicli are cha- {wij<»itiin>; ccIIr . tuc on Hide itru 
racteriatic of the w ooil-cells of Omifers, LuneUa. 

demand 8j)ecial description. The 

membrane which separates tlie cavities of the pits does not lie in tin* 
centre as a continuation of the cell-wall, but inclines Uj one side or 
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the other, and lies over one of the canals (Fig. 42 B s) \ there is 
thus a lenticular cavity in the wall which opens freely into one of the 
two cells, but is shut off from the other ; the 
membrane is so delicate that its presence 
may easily be overlooked. The formation of 
a bordered-pit is effected by the thickening of 
tlio cell -wall round a small area which 
remains thin (the i)ersistent membrane), the 
middle lamella being prolonge<l so as to 
surround the cavity of the pit (Fig. 42 B m). 

In certain cjiaes the sej)ta l)etw(en the 
cavities of adjacent cells become wholly or 
j)artly absorbed, as, for instance, occasionally 
tlu' thin j)artition between l)ordered pits ; 
the transverse walls of such cells as combine 
to form the vessels are wholly absorbed, if 
tliey lie at a right angle to the long axis of 
the vessel (Fig. 23 C a h ) ; if they lie 
obliquely, they are broken through in various 
ways. In a similar manner the transversci 
septa (and more rarely isolated art*as on the 



Kio. 42.- Bnrdorod pitH ontho 
•wmidy fibres oC tho l*ino ; A 
Hocu from tho surfiMo . H lii see- 
; $ tho |)crHistont mcin- 
1 trtiiio : m tho luiddlo luiuulhi : 
V iiii curlier mUko, In Moetion ; 
i the f'l•^lmundll^ pit (x .OOO, 
diatn^iU))- 


longitudinal wall also) of the Sieve-tubes (§ 25, Fig. 47 B) are per- 
forated by clostdy-sei and very line open pits, and are then known as 
Birrr-pJdfnt. 

Tho thin part of tin* wall whicli separates the pit of a ve.ssel from 
a contiguous living cell may frequently recoiumcnco its growth, and 
j)rotrude into the cavity of the vessel. Cells which thus grow into 
neighbouring vessels art' termed TiiUcti : they may subseciuently 
undergo division so as to lill up tho whole vessel. They occur com- 
im)nly in wood. 


Such cavities as have thus originaUnl by the absorption of cell- walls 
and tho const'qumit coalescence of two cells, and which continue to bi*- 
surrounded by tlio wjills of tho original cells, are commonly called 
They are usually tubular, and are formed by the absorp- 
tion of the transveme septa throughout whole rows of cells. They 
are not unfrequontly branched, and they may anastomose. The true 
vessels of plants, as well as the laticiferous vessels, are examples of 
cell-fusions. 


§ 23. Intercellular Spaces are lacuna^ between the cells of a 
tissue. They may be formed in two ways, either by a splitting of 
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the common wall of adjacent cell**, or by the distirganiaation of 
certain cells. They contain either air or certain peculiar substtinces. 

The intercellular 
si^aces which contain 
air are usually formed 
in consequence of the 
splitting of the com- 
mon wall of atljacent 
cells (Fig. 43 z). They 
occur almost exclu- 
sively between the 
thin-walled cells of 
auccuhjiit jMirenchyma, 
and usually at the 
angles of Junction of Kmj. 4:? hi^u'vn (.•) rclln fn>»n Ui*i 

a number of cells ''^**'* ^ wmuuoi> wjUI (iiftor SiujIih) 

Sometimes these sjuices 

— then culled (u‘r-rhftmf>t‘rs — attain a considerable si/.(*, so that wliole 
mass(is of tissiie anj 8ej)arat(‘d from each other, as in tlm petioles of 
the Water Lily and of other aquatic plants. Tie; cells which Imrih'r 
ujK)!! these cavities <»ften throw out protuherances into them (also in 
As}>idium) which are known as “ internal hairs ”, 

The laige cavities in the stems and leaves of .1 uncus and of other 
allied plants, are ju'oduced by the discu^ganisation (i.e., tlie drying-up 
and rupture) of considerable imwscjs of cells : tliis is trm^ also with 
reference to the cavities extending through whoh) iaUtriifnles of many 
herbaceous stems ((Jnisses, Umbellifera?, Kquisetaewt*), and thow' 
oixurring in leaves (Leek). 

The intercellular spaces which contain certain peculiar auhstancos 
will treated of in § 28. 

§ 24. Forms and Systems of Tissue. Thenj are usually 
in plants numeroius similar cells which differ from thf»se that surround 
them, and which an^ combined so (is to constitute a distinct form of 
tijisuCy cbaracU'risf.*d by those projH*rties which the rt*,llH [possess in 
common. According to the fonn and redative position of the cfdis, 
two forms of tissue may Imj di8tingui8he<i ; pfiviotrlnjirtu (Figs. 22, 
29, 33, 43), in which the cells arc not much longer tljan they are 
broad, the surfaces along which they are in contact txu'ng rcjla 
tively broad; progenchyma (Fig. 44 and section Fig. 41), in which 
the cells are much longer than they are wide, and their enrls overlap. 
When the walls of the cells are much thickened, tlie tissue is called 
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Selerenchyma ; this may be either parenchymatous or prosenchymatous, 
according to the form of the cella When all the cells of a tissue 
have ceased to divide and have assumed their definite form, it is called 
perniartent tissue. A tissue in which, on the contrary, the cells are 
still dividing, that is, that certain daughter- 

i l j 11 II j I I cells continue to divide and subdivide 

I II I whilst the others are being converted into 

I j IJ J permanent tissue, is called a generating 

/ I ll ll /il/l I I / I tissue or Mer lutein. The enumeration here 

I 11 illnl i//lv/ \ Riven only includes the most important 

fl f n / f M i' V tissue; many other technical 

j! / / I / ! terms will be made use of in describing 

j I I I I tissues, as circumstances may rer^uire. 

When several difierent tissues occur in 
Fifj. 44. proHoncbyrnatouB as jn vascular plants in general, 

tiBMUu, loni.j'itiuliuul Hoc’tlon (dia- , i • i . /> .• 

Kruiii, tho ihcy an*/ arranged into HijatvinH (// tisstn^n 

*md8 of tho «iouK«tod ccik fit in which then coinpose the whole plant ; their 

lictwoon tuvch other. ix* .ixi 

arrangement Ixiars a detinite relation to tlie 
member of the plant in which they occur. Three such systems of 
tissues are usually met with : (1) the r/nilfnuulf which covers tho 
/* exterior of the ])lant, and usually 

consists of a singhi layer of cells 
(Fig. 45 r) ; (2) i\n\lV^ro-Vf menhir 
(Fig. 45 f), which traverses the 
hody of the plant in the form of 
bundles, and is characterised by 
the jiresence of sieve-tubes, vessels 
and of fibrous prosenchymatous 
cells ; and (3) the fumlameutnl 
imsxu\ which fills up the rest of 
the space (Fig.. 45 y), and consists 
principally of j.Kirenchyma. 

The same form of tissue may 
f occur in various tissue-systems : 

Fuj. 4A. Tiio Ujro« ByBtcmH t»f tiiMue lu a thus both parenchyma and pro- 
mNM tKwtion uf tbeitoUolo of HollclK>niN(\30X *111 • 

f eptd«rmia ; 9 fiindunitiiitai timuo ; / ttiiro- scncliyma occur in all three tissue- 
vAMtiiar ayttom : x xylem . c »<rft bnat : I iwuit- systems, and there is no difficulty 

in recognising to which one they 
iK'long in each case* Certain tissues and peculiar cells — for instam-c, 
such as serve as receptacles for various substances, secretions, &c. — 
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when they occur in the two internal tissue-systems, have so much in 
common that it may he expedient to consider them by themselves. 

In very young organs, such as the apices of stems and ixH>ts, the 
forms and systems of tissue are not sharply defined : the cells of the 
tissue, which is more or less homogeneous, are capable of undergoing 
division, anti it is therefore calletl primary mvristem. In this the 
three tissue-systems are subst‘(|ueutly diirertuitialed. 

§ 25. The Fibrovascular System extends throughtmt tln^ 
body of the higher plants in the f<»rni of stramls or bands of tissue 
which are ctdled Jihnh-vattcular bundltH. When the cells which tM)m- 
pose them are lignified, and an* hanler than tht>se of the fundamental 
tissu(‘, as is usually the case, they may bt* easily separati‘d from it ; 
for instance, if the leaf-sUdk t)f the Plantain ( P/anfayn jnajnr) be. 
hroken across, tlie bundles project as tolerably thick thren<ls from 
the fundamental tissue, and by the d<‘cay of this tissue tlu‘y may bti 
wholly freed from it. They form the venatitm of leaves, and when the 
leaves d(*<!ay, they persist as a skeleton. In many \vaU*r*plants, how- 
ever, the tissue of the flbn»-^ascular bundles is softer than the surround- 
ing tissmjs. In many cases the libro-v;iscular bundles are so closely 
packed, and thi'y beeonn* so strongly developed in conse«|Uence of the 
continued iintrease of their tissue, that very litth^ of the fumlamental 
tissue remains in the. compact mass which tliey form, 'flic wood of 
trees, including the btist, is an instance of such a libro-vasiuilar muss. 

The arrangement and cou^^e of the fibro vasc ular bundles are inti- 
mately connected with the morphology of the plant, and with the 
differentiation of its niemhei-s. In m(*st leaves the lihro-vasi^nlar 
buinlle.s lie in those projections of tissm* w)n< Ii are known as veins. 
In tin* fietiole and stem, and genendly in all organs which grow 
es|s.*cially in length, tin* fihro-vascular hundl"s run longitudinally : 
thus a transverse* s«*ction of a stem or pidioJe (Fig. 45) exhibits sec- 
tions of its lihro- vascular huinlJes. The bundles of tin; leaf am) 
stem are so closely connected that even at tin- tirst ile,vc4opment of 
the leuf at the aj>ex of the stem, tlie upfwr end of each bundle In^mls 
outwards into a leaf, while the lower jiortion is continu«*d downwards 
into tlie 8t<*m ami coah'sces with older hii miles. 'I huH the hhro- 
vascular bundles traversing the stem may be rc'garde^i as U ing men ly 
the lower portions of those wliich come from the hiaves— as lea/trarc^t^ 
and the whole bundle is said to l»e common (i.e., to both leaf and stem). 
The course of these bundles in the stem is very various ; it may 
in general be referred to one of three ty[»e8, which are, however, con- 
nected by intermediate forms ; 
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(1.) The bundles coming from the leaves unite and form a single 
axial bundle, which runs down into the stem (this type occurs but 
rarely, in certain water plants and a few Ferns). 

{2.) The bundles coming from each leaf are numerous ; on entering 

the stem side by side, 
they tend towards the 
middle of the stem ; 
then they bend outwards 
and thin out gradually 
as they descend, coales- 
cing at a point much 
lower down (Fig. 46 A). 
In the transverse section 
of such a stem, the 
fibro - vascular bundles 
ajkpear im‘gularly ar- 
miiged ; those nearest 
the centre art'- the. thick- 
est. This arrangement 
prevails among the 
Monocotyledons, parti- 
cularly the Palms. 

(3.) Tlio bundle.s of 
each lenf, which are less 
numerous than in tlio 

Fio, lO. 'Dingnun of tho counio of tlie tibnwuwnilar foregoing tyjH.', bcnd 
Uuiidloti In NteiiiM. j4 I.iiiiKitudinaI Hoctiou UirouKh tbo ^Jownwanls SOOn aftCT 
uxIh of A 1‘alni'Mtoni, hhnwintf a truUHVoTHo aocti^m of half 

of it Tho lenvcH (cnit off ul>ovo the hiBortion) are hyiiotho- they have eilwrcil tlUJ 
tkuUy coucoivo(i of a« diatiohous and iini|tloxioaul. juid »o stClU, Slid rUD doW’n the 
tm) noon on lx»thHidc« of tho Htcni.iwJ being tho ntotilan n i * 

H„. ..t »u.b. « a,.d t««,vcr«^ ..f ^toIU IMWallel to cacll 

Oonwitium Clin‘idbctic»illy transparent to ahow the Intcmul other at about an equal 

bundkv). Tlio doi-uHHate loavoa are out off. The bundJo i: a x 

pnicooding fixun oiuh loaf dividoa inu> two alx>ve tbo leaf irom lilt axis, 

imiuoMiiatoly boli>w it, and tho branchoa of all tho bundloa branching and aiiastO- 

..uit«U./on» tho f..ur tbi.n..n.dlM which .lurnate in tb. particularly at 

Moctiou with the thicker i>no». In tbc eectton. «* i» the ° 

pith, »’ U»e cortex, »• tho meiiullary my Tbo xyloiu in the the DOdoS (l*ig. 46 J 5 ). 

flbriHvaacular bundlca is indicated by shading. Thc trailSVerst' SOCtion 

of such a stem exhibits the bundles arranged in a circle more or less 
nearly concentric with the circumference, and dividing the fundamental 
tissue into two jKirtions ; the inner, included within the circle of 
voscular bundles, is the pith or medulla (Fig. 46 w), and the ouWr, 

lying betwct'ii tliis circle and the epidermis, the cortex (Fig, 46 Br), 



§ 25.] CHAPTER II. — THE TISSUES. 4,t 

Those portions of the fundamental tissue which lie between the fibnv 
vascular bundles in the circle-, and which therefore connect the pith 
and the cortex, are called the im'dullary rays. This arrangement 
occurs principally in Dicotyledons and Gymnosinirma. 

Bundles which belong exclusively to tht^ stem, termed citnJini* 
bnndleSy occur in comj>arativcly few plants ; they are such bundles as 
cannot be regarded as direct prolongations of those of the leaves. 

Roots differ so wiilely from stems and leaves in tin' structure and 
arrangement of their fibro-vasciilar bundles, that the coiisideration of 
them must be jKJstponed for the present. 

A well-developed fihro-vascular bundh* consists of two kinds of 
permanent tissue : the Xylvm or Woad and the Phlarm or Ihtaf. 
Excepting when sjH'oial circumstances give rise, to other conditions, 
the walls of the wood-cells tend to laroim* lignitied ami their cavitit's 
to be filled with air: these cells const it\ite the tirm but britth* p(»rtion 
of the bundle. In tin? phloom then* is a tendency to the formation 
of softer and m<»re flexible cell-walls, which arc but slightly lignifieil, 
and the cells rebiin their sap. Tho.se fihro-vascular bundles which 
consist only of these two forms of tissue are inca]>able of any further 
growth, and are said to be doxrdy wh(*reas those which j>oss(*hs in 
addition a layer of generating-tissue (meristem), the Cundnumy through- 
out their whole length, which, by the active growth and division of 
its cells, incrciise.s the bulk of the xylern and of the ])hloem betw(*en 
which it lies, are Siai<l b) l>e oyen. 

The xylem (wood) of a fihro-vascular bundle (so long as it nunains 
unaltered by tin? activity of the (Jambium) consists of the three 
following elerm*nts : 

(1.) True Vf'mds (trarJinv^ dnrt!<) : they are formed from rows «)f 
superimiMised cells, the tran8V(‘rse walls of whuli are absurlMid or, in 
some rare crises, merely unequally thickened. Accoriing to the mrxle 
in which their longitudinal walls have K-en thiekene«l, they are dis- 
tinguished as spiral, reticulab*, annular, scalariform, or j)itted vessejx. 
(Fig. 47 and Fig. Ltj (Fig. 47 litV and Fig. L'd C): their 
contents are air or water. 

(2.) Much lengtheneil, narrow, prosemchymatous c«dls; the tennd- 
cdh or fibres (Fig. 47 Bh and Fig. 23 B), 

(3.) Parenebyraatous cells, forming the wo(d-/xirmdtymay and still 
containing protoplasm ; frequently they are wanting. 

The bast in like manner consists of : 

(1.) Vascular elements, the sievedubeSy which liave thin side- walls, 



PABT 11. — THE ANATOMY OF PLANTS. 


bat thick transverse septa, perforated by closely-set, open canals ; they 
are filled with albuminous substances (Fig. 47 B sh). 

(2.) Prosenchymatous elements, the had-fibrea^ which are often long 
and much thickened, but flexible, 

(3.) Parenchymatous elementi, thin- walled cells (Pidoem paren- 
rh ymn ), 

^ ^ th Je . I ? / . 

K 
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ehynia, aro known as hast^ in contradistinction to the thick-walle<l 
bast-fibres, the hard hast. 

These different kinds of cells are more or loss fully roprt^sonb'd iii 
a section of a fibro-vascular bundle, their proj>«>rtional numbi^r varying 
with the part from which the section is taken, anil with the nature 
of the plant. 



Fin 4S --TraiwircnM' f»orti<in nf a fthm-vaiwMilar bui.ttlf- fr<*m the Htom frf /w 

(vVKi): a (Hiter, i inner «ific wjtli mfennioc to the axl« of ti»o «Umj» , panmdiyntnloMft 
i^>und-tiA(iuo . p p two larj^e i*ittcd vowmla . # KpirU vefmfl . r firin' of im atitiuliir Team*! 

/ air-ftfMcc formed >iy n>i»ttire, jiurr<nmd«yl by ttiirt-wal}o<l wf>.>d <'i jh Uinwocn the two 
vewfelH p p be smaller ruticulate<l vwwmjIii and vwaela with iMjrfclenxi jrfta 'J'litaw elcoomU 
oonnituto the xylem : the phh»*^m in o^miKaicd of aoft l»wt. v. The whole Imndlo la mir 
namdod by a alioatli of thick walled. Ugulfiod, proaondiymatouft celU belon^itg Vj tho 
Kruund-thMiic. (After Sacha). 

By far the most frequent arrangement is, tliat tlio xylem and tln^ 
phlrH.m in each bundle lie one behind the other on same, radius, the 
xylem being nearer i*j the centre of the stem, while the phloem 1/<!S 
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towards the periphery (v. Figs. 45, 47, 48, 50). This is the case 
both when the bundles form a circle and when they are scattered, 
when they are o]r)en and when they are closed. As the bundles bend 
outwards into the leaves without any twisting and are distributed in 
one plane, the phloem of the bundles lies towards the under surface 
of the leaf and the xylem towards the upper surface. Exceptions to 
tliese relations are found in cylindrical leaves and in many ptioles, 
in whicli the twisting of some of the bundles gives rise to an arrangc- 
m(uit similar to, but sometimes more comj)licated than that of the 
stem. In open bundles, the cambium lies b€*tween the xylem and 
tlie phloiirn. The annular and spiral vessels always fonn the innermost 
portion of the xylem towards tlic centre of the stem ; and the outer 
portion, towards the jddoiun, consists of reticulated and pitted vessels, 
which are. the largest (»f all the elements of the xylem. The grouping 
of these vessels as regards esicli other, the woody fibres and the 
]»arenchyma cells is extremely various, tliose shown in Figs. 47 and 48 
are only some examjjles. 

Tlie innermost annular and spiral vessels ar(‘ the first formed in 
eacli fibro-vascular bundh*, and already exist before the contiguous 
portion of the shun luus attaine<l its definitive length ; they grow 
with its growth and, sinct‘ they cannot \indergo any further transverse 
division, liki; the other (‘leinents of the bundle which arc as yet 
undiflen*ntiat<'<l, they consist of the longest cells. 

In the jddoein, the hist-fibres usually lie nearest to tlie peripJiery 
and the sieve-tubes, which are generally conspicuous by tlieir larger 
ajHTturea (in transverse si'ction), an‘ scatU^rod in the soft-bast (Figs. 
47 and 48). 

The following deviations from this, which is the commonest arrange- 
ment (the colhderal ) i'ti the phloem and xylem, lus w'ell as of their con- 
stituents, may he mentioned: 

In many plants, e.g., Govmls and Lyeium, a second layer of phlot ni 
is fiuiiul within the xylem ; in motit Fenis the phloem completely 
encloses the xyh'in, forming a ring (cimreftfric arramj^^mmi and 
S('voral groups of spiral vessels lie within the xylem, from which the 
di‘velo[unent of the xylem proceeds. 

The tibrtv vascular bundles of the root differ most widely from the 
structure above descrilK^d. It is, in fact, impossible tt) sjH'ak of 
separate hundh's in the root; a cylindrical mass of fihn>-va.scular 
bundles, sometimes hollow and containing a pith, occupies the axis 
of the rewt (v. Fig. 20). In this, several xylem bundles arc regularly 
distributed (Fig. 49 A g\ and alternating radially vvitli them lie an 
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equal number of phi (»em -bund los (Fig. 49 -4 5). 
the number of tliese bundles is small, 
usually 2, 3, or 4, nirely 5 to 8 ; in the 
Monocotyledons it is usually larger. 

In each xylein bundle tht* s[)iral vessels, 
which ar.’ here the oldest constituents, 
lie neart‘st to the ]»eriph<T\. The t‘x- 
ternal layer of the fihro-vavcnlar c\lin- 
<lcr is known as the pt n'ottuhium^ and 
remains for a long p«*ritKl capable of 
develo])nient and growtJi. The rudi- 
ments of the lateral roots are forme,! u\ 
this ]>eri( amhium, exactly oppositt- ti> 
t]i«‘ xvleni bumllcs; thus, irres|H‘etively of 
tlie adventitious roots which are foniu‘d 
later, tluu'e are as many rt»ws of lateial 
r(K)(s f»n a main root as tliere are x\lem 
bundles in th(‘ libro-vascular mass. 'J'he 
lateral roots, in th<' course of their 
development, have to ])enetrate the 
cortex of the mother- root (v. above ]». 22, 

Fig. 2(») 

an* in direct connexion with tho.si 
tbe imdlier root. 

§ Jd. The Growth in Thickness 

(jf tlie a 7/ 7// and rnnf.'i etlected in most ury io-t . rork 
( iyintio-j^erms and J Mcotyicilons by the 

eontiniious aetivity of tlie cambium of tlieir ••p* ji bundle.s. I'hefie an 
arranged in a < in le, in ii 
transver<(‘ set;! ion of the 
sU'in (Fig. Tit) A } : growth 
in tlji<kness eommeitces 
witli lie* oceurn'iKc of 
tangential divisions in the 
fundamental lissnu (Fig. 

47 A K) wliieh lies Ikv Fio f/> IHa^rammalic traiiNrerM; w<,'t.tiMiih nf a 
tween tie* bundles ; this thfekne#.* J Vtxry yonuu . ih*^e urt, Ux* 

tniudlen . pith . r C‘jrtt*x , f/ prim ary 1«iKt 

gives rise to cambium, /,« pnm^ry w«Kvt . cuittMurn tl Aftf.r jfTowfh lu thU'k 
which iK'COrnes continu- ^ otunxncncwJ : a® mcr>nrlury wood, j»<;c<*»<Liry 

OU8 with that of tiie fibro- 

vascular bundles. A cIoschI hollow cylinder is thus formed, which 


I’ll. 4'> .4 '! I'tnsvt I T >■,(■1 1 im> 1*1 h 

\ciiti;; Omt Ilf ,i» hiii/firttinit , 

their librO'\ aseular bundles /" < tik ‘ li funa.iim-niul Hhhui; , pith, 

I l.hio \;ii»t ul.ii i-v liuiliT , !/ jirlinury 

hiiinllt's /« rotn.iry phlin'in 
li'iii'lli-M li 'rritoviTnf Hi'i'finn «»f an 
<»l I, I Hint Ilf flic H,inic pl.uit. 
l“> lii> n-.'inln^ in tln'kni-HM // ni'i'iii,»l 
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ap[M3ar8, in a transverse section, as a ring, the camhium-ring (Fig. 50 
B c) completely separating the pith from the cortex ; it consists of 
two portions corresponding to its mode of origin ; fascicular cainhium, 
i.e., the cambium belonging to the fibro- vascular bundles, and the 
interfascicular camhium, i.c., that wliich is formed between the 
bundles in the primary medullary rays. 

A cambium-ring is likewise formed in roots 'which increase in 
thickness; the cells which lie between the individual xylem-bundles 
and internally U) oucli phloem-bundle are transformed into ciambium- 
••<*lls by division, and the separate groups become, coniKHded externally 
to the xylem-bundles. I'hus a ring is formed wliieh lies outside the 
primary xylem-bundles and inside the primary phloem-bundles (Fig. 
49 B). 

The cidls of the cambium-ring, in the stem and root alike, constantly 
undergo both tangential and radial division, so that the number of 
the colls increases in the radial direction as well as in the circum- 
ferential ; the growth of these c(‘lls jn’odiices an extension of the 
organ in both those diroetions. Of the cells thus formed, those lying 
on the inner side, of th(‘ eanibiiini are transformed into the elements 
of the wood (Fig. 50 ////'), those on the outer sidi*, into the elements 
of tin* bust, while the colls (*f the intermediate zone continue to be 
capable of dividing. The activity of the cambium thus gives rise to 
sviunidanj wood and Si coudnnj bast, as distinguished from the jn'iiiutrg 
constituents of the bundle, which t‘xi>ted jm vioiisly to, and indepen- 
dently of, the activity of the cambium. The primary wood of the 
bundle is thus the innermost part of it, and usually projects into tlie 
pith, jiarticularly wlien the ])rimary bundles lie rather far apart ; tlioy 
then constitute wliat is torined the malidlanj shetith (Fig. 50 B Id and 
52 m 4 

The elomontvS composing the secondary wood coiTes}>ond in general 
with those of tlie primary xylem, but they present certain peculiarities. 
First of all it may bo observed that they are arranged in radial lim‘s, 
at any raW in the lii-st instance, because all the elements which liave 
originated from a single cambium cell lie on one radius. The cambium- 
cells art' (^f an elongated form, and are disposed soim*what prosen- 
chymatously in such a way that their oblique septa aiv distinctly 
visible only in a tangential section, that is, in profile (Fig. 51 .4). It is 
by the transformation of their daughter-cells, which exactly resemble 
the cambium-cells, that the different cells which compost? the secondary 
woo<l are formed. The secondary wood of trees consists of the fol- 
lowing elements : 
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(1.) Of which arc invariably proridivl with bonloriMl pits 

on their ion^ntudinal walls (true spiral and annular vi'sscls an' always 
w’antinj') ; their diameter is ^rcaU*r than that of the other ehunents, 
their constituent cells are usually of the same len^^th as the cambium^ 
cells. The transverse walls aiv eitlier wholly absorbed, or only 
perfomU-d, or sometiines merely pitte<l like th(‘ lonj^itudinal walls; 
in the latter case it is often hanl to ilistinoui^h bi‘t\ve4‘n the x^'s^els 
and tlie wood-fibres : >uch striietun-s are known » 1 / 

jis 7'r<trJn)i/(ft. In some wotnl, as that of th«‘ j ^ L 

Lime, thdicate spiral thiekeniiios are found di J i 1 \ It 

addition to the pits on the longitudinal walls : f j /|j 

they can be di.-'tingiiished fr«»m tin. spiral ^ 4 j I/I 

Vessels by the dtlioaey of tlieir struct no* ami ^ A III 

by tie* fact that injury do«'s not i-ause a sepa ^ ||| 

ration of tluj v^jiiral thickening fnun the wall. ^ | \ III 

(-. ) ( ff //A/-, ,^•^vhi(.•h are much »*h»n;j:att*<b ^ //// 

almost always longer than the cambium cells. ^, | i O /// 

and their tran>V4‘rs4‘ septa an* mon* obliijuc : jA ► | fiS I I 

the i)<unte<l ends of the imlividual cells aLo lit | 111 

grow' in Ix'twei-n each otlier 'Jlie walls “f V i UV 

the woolly fibres are sometimes unpitled or I, A nj \\l\ 

have .small slit-like pits (Fig. 5 1 i'jJUfrljorni > \\ tf 

sometimes lliey are jutted like lie* walls ^ M j 

of the VeN,s<‘]s (I'lg. ol yy], i rO’'hrn{r j}hr»‘s‘, o ^ 

(:J.) Of n jmrnn'h iftno w hich foriiu'd l^j y IT j if 

by the rcjH'aled transverse division <»f th<; earn ^ 
bium-eells ; the jiarem liyniatous ceils produced 0 nS 

from I'ach camhium-c'ell form a gnaip which ' |j*B 

is liounded by the ohlejue w'alls of the cam ( ttS 

biuriMell (Fig. 51 Ii). Tie* wails of tie* fli ' 

W’uody-j»an nchynia-celis arc thin, aiel bear V f 

large simjde jiils. * '>'* -4 Cumneim ruiu 

AVith reference to the very varied ilistribu- 

fi Trut ij>. i»lf‘ j.Cro ikm-h frwrn 

tion of these <liflerenl i lemeiits uf fdiro-vascular r i -on neni . 

bundles it may be particularly noted that in 

Winwl JJWHH liyiua 111 MU-- 

all Conifer.s, ves.sels aiel tnie W'fxidy jmrf'ii- tion. fr.mi tu Oafc . 
chyma (apart from the resin ducts, v. § are 

wanting : the medullary sheath, the primary xyh*m, of course contains 
annular, spiral, and reticulated vessels, hut the secondary wood of these 
trees consists solely of trachenlc»8, the walls of w'hich bear the |ieculiar 
bordered pits described in § 22 (Fig. 42). 


l <> '*J .4 (-'umCcirn I'tilU 

ftffii Ut .t iitliil nfclion 

fi Tm< iji i»lf‘ j,Cr«< iKM-n fr*»m 
outifiau I lilt »fv >1111 fiCri! . 
uiiii /> Ilf >■< from till' 

wmwl jJWf III liyiua in mu-- 
tl'in, frnjii Dll- Oafc . »rti>Ut<}<l 
by tiukuoTHtioii 
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Ill most trees and shrubs, and in the stems of the stronger herbaceous 
plants, the fibres generally form the greater part of the wood, and the 
vessels and woody parenchyma-cells arc scattered among them. 

Succulent stern-structures which increase in thickness, e.g., the 
tubers of the Potato, contain in the wood formed from the cambium 
nothing but thin-walled, juicy, parenchymatous cells traversed by a 
few solitary vessels. A transverse section of the wood of our timber- 
t-rc^es exliihits, (iven to the naked eye, a series of concentric layers 
known as the ammul ruujft. These l.ayei*s result from the fact that 
the wood formed in the spring is ditferently constituted from tljat 
which is formed in the. summer; since the external conditions on 
which this ditfenmee dci)eiKls gradually change in the course of a 
year, and during the winter no wood is Pwmed, it is easy to imagine 
that in the ring of wood which represents om‘ year’s growtli n gradual 
change of structure should be perceptible from within outwards, and 
that the limit between tin* ring of mie year and that of anotlior shoidd 
be sharply defined. The anatomical cause of the distinctness of the 
annual rings is lh<! same in all wood, namely, tliat the hist layers of the 
woial formed in a year are much compres.sed, and tln'rofore havci a very 
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Ku. IninsMihc ni lir- 

'wtM>d ut tho junotion of two antuml 
; i« f\ niedullarj' r«y :vH the other 
Km Tart of u tJ-msvci-se ucction of a celU fwlonj' l<» the w<H>d ,/ loo'^e ni ririff- 

twltf of the Liiiu', four vwirM oUi : (RliKhtly wtjod : A deuhe autuMiu-wixHi . *r the 

Tmurnlfiod): julh . om ntodulhtry nheuth . j limit between the uutumn-witfxl and 

fteoondary wtHwi , I f .•? A four anmial rinjfs ; Uio spnnjr of the following year. 

e rambhjm ; ph Uwd ; jxi primary medullary bctweoii h and »p in the ftaltencd Umit- 

raya ; ^ bast 'fibres . pr primary c»»rtex , k cork. fug layer (‘J 60 )l 

small radial diameter (Fig. r>3 rr). In Conifers two other layers may 
be distinguished from this outer one, viz., the sjiring wood formed of 
thin-widled cells (Fig. 53 f) and the autumn wood formed of thick- 
walled cells (Fig, 63 //). In foliago-troes tho number and size of the 
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vessels diminishes in ench annual ring from its inner to its outer limit. 
W hen tliis takes place very gradually the eye cannot deU;ct any con 
spicuous ditVenmee between the spring and autinnn-wood (as in the 
wcKxl of the Ueech, Lime, Maple, and Walnut) ; but sonio kinds of 
wood show a ring of conspicuoiusly large vessids in the spring-wood, 
while ill the aiitumn wood tliere are numerous much smaller vessids 
(as in tln‘ wochI of tlio Oab, Kim, and Ash). 

Besides the elements which have been already consitlered, the wt>od 
inchules certain paremdiynnitous cells which an* elongated in a radial 
dirc'ctioii and are known as the inttiulldiu/ rnj/s. 'I’liese app(*ar in a 
transverse section as radial .stripes, in a radial section as radial bands 
of small height, and in a tangential section as elliptical groups of cells 
(Fig. ol), surroundt'd by the elongated tdeiuents the wt)od ; they 
consist of parenchymatous e<‘lls much - - 

elongated in the nnhal duection (Fig. i 

fid in), but very small in the tangential T- M l 
ami vertu al din‘ction,s. Tliese in.aiii- L*i* Waaagi^K 

liiry rays, likf tlio cdiislitiii-iiU of thi' xj ^ - 

wood, an* developed from tin* cam- 

, . , , Kii> M lh.vi<i.inun.»ln' r*‘prr**i‘i) 

bium both l«»ward.s the centre and tats.u ..f m,* ooutHi- <if iIji' tiK •I mIKii y 
towards the ciiviimferenee, so that (‘acb i oh . u H.'srinont .mu .tut .»f ni.< w.M.a 

metlullary ray rnns inun the wood y 

tbnuigb tlie eamljiuin into the Itasl. *'i <)»• w.hhI, tn.- hiuiiiri 
AVhen ome a group <,f eambium-cells “-iwU.ry f.yn. 

has bogun to juoduce a medullary lay, it emilinnes to do so, and tlir» 
greater liie eiieumferem’e attaims! by the wood, tlie greater is the 
number of th*- pftints at which the fuiiuation of im'dullary rays begins 
ill the eambium, and the greater tlie numbei ..f medullary rays wliicb 
jK*netrat4' the wooil. 'J'liif.se imslullary rays >•. loeh extend inwards to 
the j)ilh ami out wards to the luimary eorN * those, mirmdy, wliicb 
existed at the L*ginning of the tliiekeiiiii/ >f the stem, are termed 
prirndrif, 'I'liest* increase radially, in some piants by means of the. 
whole of tbf* inter fascicular eambium, e.g., in the (’lematis, in others, 
oil tlie contrary, by means of i.solaled }>oiti4)nH of the inten fascicular 
cambium, t*,g., in the, lIornB-am. meaiullary lays are such 

as are forim^l at a later stage, and do not ther<.*fon! extend to the pith, 
but end blindly in the w«khL When the ineduli.iry rays, oi at any 
rate some of them, are large, they are, easily duUtvU:t\ by th<; naked i-ye, 
as in the wood of the Beech and Oak. 

The wood of many large timlx^r trees fretjuently exliibits a striking 
difference between the older internal jxirtion of the wcxhI, th(i heart- 
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wood ( duramen)^ and the younger outer portion known as the sap-wood 
(cdhumum). This arises from changes undergone in the course of 
years by the mature wood. The altered heart-wood always contains 
less water, has no starch in its parenchymatous cells, and is often 
darker in colour, e.g., the Pine, Larch, and Oak. 

The secondary bast formed from the cambium never attains so con- 
siderable a size as the wood ; it consists of sieve-tubes, bast-fibres, and 
parenchymatous cells in varying order, very rarely showing any regu- 
larity ; sometimes the bast-fibK3s are in layers, so that they can be 
removed in large connected sheets, as in the Lime. The formation of 
annual rings does not take place. The medullary rays, as mentioned 
above, traverse the bast to an extent corresponding to their develop- 
ment in the wood. In many trees the cells of the medullary rays, 
and other cells also, in the bast, become sclerenchymatous ; for 
instance, in the Beech, where they project from the surface of the 
dry cortex which is in contact with the cambium, in the form of 
sharp teeth. As the cambium-ring is constantly increasing in circum- 
ference, the bast which surrounds it necessarily exi^eriences consider- 
able tension, particularly .in the outer portion, lliis tension naturally 
affects chiefly the ]>arenchymatou8 elements which are still ca|>able of 
growth while the bast-fibres are no longer capable of any modification ; 
hence the medullary rays are often seen to be much exj>anded towards 
the circumference (v. Fig. 52 pa). 

The tissues lying externally to the cambium are generally spoken of 
collectively as “cortex”; it will bo well, therefore, to designate the 
bast which has been formed by the cambium as secuitdary cortex^ in 
order to distinguish it from the primary cortex which lies externally 
to it and belongs to tlm fundamental tissue. The cells of the cambium- 
ring arc rich in protophism and tear very readily, especially when they 
are actively growing and dividing; consequently the “ cortex ”can be 
easily stripped from the wood. 

Many woody plants, of which, however, only a few are indigenous 
to this part of the world, depiirt from the general tyj)e here described 
both in Uie origin and in the mode of growth of their cambium-ring. 
The arborescent Liliacese (Yucca and Dracaena) may be mentioned as 
being the only Monocotyledons of which the stems increase in thick- 
ness. As the iibro- vascular bundles are all closed, there is no cambium, 
and the increase in circumference is possible only by a new formation, 
in a zone of the fundamental tissue, both of isolated, closed, fibro- 
vascukr bundles and of fresh fundamental tissue. 

§ 27. The term Fundamental Tissue (ground-tissue) includes 
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all ihe mass of tissue which does not form part of the hbro-yasoukr 
bundles or of the epidermis (Fig. 24 ^). Various forms of cells 
and of tissues occur in it, and those 
parts of it in particular which lie in 
immediate contact with other tissue- 
systems are frequently remarkable 
for peculiarities of structure. 

Those forms of fundamental tissue 
which occur in close connexion witli 
the epidermis are included under 
the term Hypinh>rma. Out* form fn'- 
quently occurs in the stems and Icnf- 
stalksof dicotyledonous plants which 
is known as 0>//cwc/#ym^((Fig. 55 c/), 
a tissue, the cells of which are narrow 

...1 thick. “.iT,™, ■:rs 

ened along the lines of contact, ami *ii«jftmiA.thoei*idoniiij*-«eiuarouuiionniy 
capable of swelling-up considerably, ‘““'‘'“•f tu. 

* o t •f adjoin tbo colloncbyum, but are tblckonchi 

In OlhfT cases the olenumts of the Uke tbo conouchyma at tbo awRlc* whom 
liypo<lenna are fibrous and sclerenchy* thickoninKn havo 

. r M •/ groat capacity for nwelUnjf ; cW chloro|H>yU 

inatOUS, as in the leaves of Oonifers. ipTHimi; ftaroncbynia-ooU (x5»W)); r cutlflo 

Bundle-fiheath (Endoilermis). (**t«r Hacb*). 

This name has been given to the single layer of cells (Ixjlonging U» the 
fundamental tissue) which * 
forms a common investment C0 

to the fibrovascular bundles 
of the stems of many Dico- 
tyledons (Fig. 47 r). It is 
invariably ]>rcsent in roots. 

The walls of the^ cells 
which an* in eonbict are 
usually foldetl in a peculiar 
manner and are c ut iculari sed 

Ejiemal - Bhcnth . Th is 

term is applied to such cells 
of the fundamental tissue 
aa surround fibro-vascnlar 
bundles and have undergone 
special modification. The closed bundles of Grasses (Fig. 48) and of 
many Monocotyledons are surrounded by an investment consisting 
of several layers of prosenchymatous cells. 
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The rest of the fundamental tissue, the c(m]fiementary con- 
sists (with the exception of the prosenchymatous ground-tissue in the 
stems of Lycopodiaceae, &c.) of thin-walled succulent parenchyma 
with intercellular spaces: the cells may contain chlorophyll-corpuscles, 
as in the case of leaves and of the cortex of stems, or the tissue 
may be colourless, as in the interior of succulent stems, in roots, and 
in juicy fruits. 



mmtrm tangentUl mcUoq. A Bllgbtiy magni- 

Sad. M A aitMli |>orUoa highly nagxUSad (after Sacha). 


The chlorophyll — con- 
taining ground-tissue of 
leaves is usually of a differ- 
ent texture at the two sur- 
faces of the leaf ; it is in 
consequence of this that 
the two surfaces differ some- 
what in colour. 

The tissue of the upper 
surface consists principally 
of pfillimde parenchyina^ 
that is, of narrow, elongated 
cells, arranged perpendicu- 
larly to the surface and 
having very small intercel- 
lular spaces (Fig. 56 pa ) ; 
tlio parenchyma of the 
under surface, on the con- 
trary, the spompj paren- 
chyma^ is formed of cells 
which are irregularly ar- 
ranged, and are separated 
by large intercellular spaces 
(Fig. 56 sp). 

The cells of the pith of 
woody plants generally all 
die, as in Sambucus (Elder), 
or at any rate most of 
them do so. 

Sclerenchymatous cells 
occur in the most different 


parts of the fundamental tissue; they may be isolated as, for instance, 
in the ffedi of Pears and in the cortical parenchyma of many trees, or 


united to form a considerable mass of sclerenchymatous tissue, as 
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in the shell of many hroits, as the hoiel-niit) and the stone ol others, 
as the |dum. 

$ 28 . Internal Receptacles for Secretions. In the fibro< 
vascular system, as well as in the fundamental tissue, besides the fonns 
of tissue hitherto described, there ore found other structures which 
serve to secrete and to transmit certain substances whicit ilo not occur 
throughout the plant: these structures traverse liotli the internal tissue- 
systems, so they cannot be regtiixled as l>elonging especially to either, but 
must be considered separately. At^cording to their motlo of origin, these 
receptacles may be either isolated closed cells containing nothing but tlie 
matter secreted, or they may be vascxilar structures, formed by the fusion 
of elongated cells by the absorption of their walls ; or, again, they may 
lie intercellular sfwices, cavities tilletl with secretion w'hich have been 
formed either by the absorjitiou of a mass of tissue (hjsiijvmutM) or by 
the separation from each other of uninjured colls (arhhntjeuonji) 
(v. above, § 23). They may bo arranged in the following order, 
according to the nature of the secretion : 

(1.) Crystals or clusters of crystals are fre(|uently found in certain 
cells, particularly in the fundamental tissue of Monocotyledons and 
in the Iwist of many trees. 

(2.) Cells filled with mucilage occur in thc^ Malvac(W, in the cortt?x 
of the Elm and Firs, in tlie tubers of the Orchidojc; niiKulage also 
occurs in lysigenous intercellular sjjaces in the Cacteco ; cherry-gum, 
which is formed by a gradual ti’ansformation of groups of cells, imisl 
be included hero. 

(3.) The milky juice (laU^x) which flows from many plants mOjcii 
they are cut, derives its milky apj»earance minute soliil partichts 
which are susjKmded in watery fluid, constituting a sort of emulsion ; 
the milky juice frecjuently contains caoutchcjuu, and Hometim(»8, as in 
Chelidoniuin, it is yellow. Tfiis milky juict^ m found in diffeniiit 
vessels in the different families of plants. 

(a.) In the Cicboriaceac (as the Dandelion and Scorzonera), the 
Papaveraceie, and Campanulaceae, it is contained in the latia/eroun 
vessels ; they are straight or branched, anastomosing rows of cells, the 
transverse walls of which are al)8orbt?d or perforate<l (Fig. 57). 

(6.) In the EuphorbiacesB (e.g., the Spurges), the Urticacea*,, and 
Asclepiailcfle, the milky juice is contained in closed ceJls, which are 
much blanched and extend throughout the whole plant, 
ei/enms cells are already present in the embryo, while it still consists 
of only a few cells, and they grow with its growth without undergoing 
any division. 
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(c.) The milky juice ie contained in* cells of small dimenmons, 
which are not onfrequently arranged in rows ; this is the case in the 
Maple, in Sambucos (Elder), where these cells are visible as red lines 
at the circumference of the dried-up pith, in the Convolvulaceae, where 
the milky juice contains much resin, in Isonandra Outta, of which the 
inspissated milky juice forms Gutta percha. 

All these forms of laticiferous vessels occur principally in the cortex 
and phloem, but they sometimes occur also on the inner side of the 
iibro-vascular bundles of the plants in question. A great number of 
very important products, valuable in medicine and the industrial arts, 
are derived from the latex ; thus Caoutchouc (India rubber) is the 
dried milky juice of Sijjhonia eladica^ one of the Euphorbiaceee, and 
Opium is the milky juice of the unripe capsules of the Poppy, 
Papaver somni/erum. 

(4.) llmim and ethereal oils, not unfrequontly combined, occur : 

(a.) In cells, in the Laurineao, e.g., Camphor; in the Zingiberacea?, 
Acorus, and other plants ; the solitary resin-cells in the wood of the 
Silver Fir may be mentioned here. 



Fio. 5S,- OU-oavlty bolow the upper 
•uiHhioe of the leaf of IMamnu* Praxi’ 
fMfto (SSOX a At an early etafte : € 
mature ; t mother^eUe of the cavity be* 
fore thetr abeorpUon : o a large drop of 
ethereal oil (after Saehe). 



Fia sa— RMtii'PMeageo to the young stem of the iTy ffftdtm Bdix), traneve eeetlou 
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(5.) In inUrcdlviar fpoces, which may he of lysigenoua origin and 
are then naually of a spherical form ; these were formerly designateil 
glands (Fig. 58). The oil of the Citron, Orange, Hutacoo^, Myrtacea^ 
is contained in such cavities, as well as that of the leaves of Hyperi- 
cum, which present in consequence a number of transparent spots. 

The other intercellulur spaces which contain oil or resin are of 
schixogenous origin, tliat is. tliey are* formed by the sepanition from 
each other of certain cells surrounding the interctdlular space (which 
is usuidly elongated in form), and differing from the rest of the tissues 
in their arrangement and nuxle of division (Fig. 59). To th<«*o bcdong 
the oil cavities whicli traverse the primary cortex and pliloiim of the 
Comi^ositiu, and the gum-resinducts of the Undxdlifiw and their 
allies, in which the resin is mixed with gum : also the njsiii-ducts 
of the Terelunthaceas, Simarulxw, and (?onifi‘rje, which conUiin a 
i.e., a solution of resin in an ethereal oil. In tin* (\)nifeno 
(among which resin is wholly absent from one genus only, nanndy 
Taxus), they are found in the leaves, the armngement varying with 
the Hi»ecic8, and they pass from tlu iii into the primary corti^x ; they 
also nin longitudinally through the wood and transversely in th«* 
larger medullary rays. I.ysigenous rcsin-rectiptach^s of a sphc^ricai 
form are formed secondarily in sovenil species, e.g., tin* Direh, in the 
primary and secondary cortex. 

§ 29. The Epidermis. In the lowest forms of plants the 
epidermal .system is not sharfily detined from tlu* fundanumtal tissue, 
and is ]»roperly sjKjaking only the outerni<»st layer of that tissue. 
In the higher plants there is usually a true epidermis (Fig. 45 r ) ; 
this envelojKts most annual plants, and generally consists of a singh^ 
layer of cells, which are in close juxta|»oHition (with the exc<*ption of 
the stomata) without any inttTcellular spaces: it may Is* easily stripiKul 
off from certain parts of many plants (e.g., the scales of the Onion 
and the leaves of Ih'gonia) as a thin tmnsjMmrui memhranc. In some 
special cases, e.g., the leaves of Ficus and refsTomia, the primitively 
single-layer of the epidermis divides into two or more layers, 
of which the outer layer alone has the appearance of a true ejii- 
dermis. Sometiraes the cells of the epidermis differ very slightly 
from those of the intenml tissue, as in the roots and Ic^ive.s of many 
water-plants ; but the diflfcrcnce between the epidermis and the tissues 
which lie beneath it, in the case of the stems and leaves of t(;rr<^stria] 
plants, is well marked, and the epidermis is usually further distin- 
guished by certain peculiar structures, such as stomata and hairs. 
The epidermal cells but seldom contain chlorophyll, but on the other 
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hand, they often contain other colouiing-matters in solution. In those 
parts of plants which grow to a considerable length, their form is 
usually elongated ; in broad leaves it is commonly tabular. The side 
walls have very frequently an undulating outline, so that the adjoin- 
ing cells fit into each other. The external wall is usually much more 
thickened than the other walls ; its outermost layer is always cuticu- 
larised, and is called the cutide ; it is clearly defined from the inner 
layers, which are also more or less cuticularised (Fig. 60), and it 
extends continuously over the whole of the epidermis. It has a 

tendency to form thickenings 
projecting outwards from the 
surface. Particles of wax are 
included in the cuticle of many 
terrestrial plants which protect 
their surface from being wetted 
by water. This wax often 
appears on the surface in the 
form of small granules, rods, or 
flakes, and then forms a bluish 
bloom, which is easily wiped off, 
or sometimes a considerable mass, 
as in the fruits of Myrica 
cerifcra and the trunks of some Palms ( Ccratoxylon andicola and 
Kloi^fockia ari/cra). 



Pia. flO.—Epidormlt (t) with a stomn (8) from 
ft croM Moctlon of a leaf of Hyacinthu* orientali* 
(x 600): p parenchyma of tho fundomontal 
tlMuo : t an alr-cavlty. 



Fia of a leaf Opwauliaa 

mHliM new (x 800) : ^ opaning ; 
« Um two guapil'Oitla. 


The Stomata are organs which 
here and there interrupt the con- 
tinuity of the epidennis and eflect 
a communication between the air 
contained in the intercellular spaces 
and in the vessels, and the external 
atmosphere. Each stoma consists 
of two peculiarly modified epider- 
mal cells called gfiard-celh; these, 
when seen from tUe surface, appear 
usually of a half-moon shape (Fig. 
61 sz) and surround the opening of 
the stoma. This leads to the air- 
cavUy (Fig. 60 t), a large" intercel- 
lular space between the epidermis 
and the underlying tissue, which 


conununicatai with the other intercellular spaces. The whole stoma 
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originates thus; a young epidermis-cell divides into two, the two 
guard-cells ; these are separated by a septum, which is at first simple, 
but which subsequently splits. The sire of the opening may be in- 
creased or diminished by the action of external influences, and this 
is effected by changes in the form of the guard-coils. Stomata are 
found on almost all parts of terrestrial plants which arc al>ovo, the 
ground, and are particularly abundant on leaves (as many as 600 to 
the square millimetre) ; they are usually wanting in submerged organs, 
and are alway.s absent from roots. 

Hairn are products of the epidermis, and art^ generally formed by 
the outgrowth of single ej)idermal cells. They may remain unicellu- 
lar, as in the case of the root-hairs which form the velvety covering 
of young roots, and of the hairs on the outer coat (t^ssUi) of the seed 
of Gofwypium, wdiich constitute Cotton ; or they may undergo division 
so that they consist of a row of 
cells (Fig. 62 n, d ) ; or again, the 
outgrowth from the epidermal cell 
may undergo divisions in two or 
more dirt*ctions, in consequence of 
which either a layer of cells is 
found, as in the case of the scales 
(ramenta) on the leaves of Ferns, 
or a ma-ss of cells, as in the case 
of the stiff hairs on the fruits of 
Thistles and similar plants. If a 
mass of cells be formed at the 
apex of a hair, or if the cells near 
the ap<‘X are much larger than the 
rest, it is called a rjhmdular hair 
(Fig. 62 h). In many cases the 
contents of the hair-cells disappear f 
at an early stage, as in Cotton, 
and are replaced by air. Some- 
time* the membrane becomes k.o «.-n.ir,o«. .-..cur. 

greatly thickened, and often con- wt* (x loo); h icUmiiuiir hair; <« / earfy 
tains deposits of considerable dcreJopuMmt. 

quantities of lime and silica. The stinging hairs of Nettles and other 
plants secrete an acrid fluid which, as their points break very easily, 
enters the object touching them. 

The Glands^ the secreting organs of the epidermis, are peculiar in 
that the secretion (which is usually of a sticky nature) makes its 
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appearance in the substance of the ceU-waU under the cuticle: it 
causes the cuticle to separate from the remainder of the cell-wall, and 
finally ruptures it. Secretion takes place frequently over the general 
surface of the epidermis, as in young twigs of the Birch, or over 
certain circumscribed areas of it, as the teeth of the leaves of Prunus, 
Salix, and other plants, and the nectaries of flowers, or at the apex of 
glandular hairs, as in PrimtUa sinensis : the coUeters which clothe the 
young organs in the winter-buds of trees, and which cover the unfold- 
ing leaves with their secretion, are also glandular hairs of this kind. 
Digestive glands, which secrete a fluid capable of dissolving various 
foreign bodies, are peculiar to certain plants ; they are found in the 
‘‘tentacles” of Drosera, &c. (Fig. 72). 

In those parts of plants which grow in thickness, such as the stems 
and branches of trees, the tubers of the Potato, and napiform roots, 
the epidermis is usually unable to keep pace with the increase of the 
circumference, and it ruptures: a new protective tissue is usually 
fonned from the cortical fundamental tissue, which is termed the 


Cm*k or Periderm, 
This consists of tabu- 
lar cells arranged in 
rows perpendicularly 
to the circumference 
of the organ : their 
walls are converted 
into cork and are 
scarcely permeable to 
water : they usually 
contain nothing but 
air (Fig. 63 k). The 
cork-cells are formed 
by tangential divi- 
sions taking place in 
the cells of a special 
meristem, the Phello- 
gen, and lie externally 
to it : frequently 
parenchymatous cells 
containing chlorophyll are formed in a similar manner from the 
phellogen, and lie internally to it : these are known as PheUedemu 
A formation of cork is wholly absent in only a very few woody 
plants, as the Mistletoe and a specks of Maple (Acer Ftsmsyham- 



Fto. SS—Cco-k ci a oiM-year’t aboot of JiUmtku* ffUmdulota 
(trana. aaet, S60> ; t ih« dead e]ddemia, k cork oeUa, tbe inxier 
layera saertatetuaUc (idieUagen) ; r primary cortex. 
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cumj; in Euonymua it occurs only in bmnchcs of several years’ growth. 
It usually takes place in one-year’s shoots towards the end of summer, 
so that their originally green colour is changed to brown. This peri- 
derm^ which serves as a substitute for the decaying epidermis, and 
which may be termed primary^ is usually formed in the outermost 
layer of the cortex in immediate contact with the opidemus; in 
rare cases the epidermis itself is transformed into phellogcn (in 8alix 
and the Pomace«e), or the phellogcn originates in a more internal layer 
of the cortex (Legiiniiuosae, Larch, Uiln^s), or even in the phloem (os 
in the Grape-Vine). In conse<|uonce of the impenetrability to water 
which is characteristic of the cork cells, all the tissues outside the 
periderm necessarily dry up, and these dried-U{) tissues, which may 
belong to various tissue-systems and inclutle the most various forms 
of cells, constitute what is known as Hark, In n)ots the primary 
periderm is always formed in the pt^ricambium ; const'ipnuitly the 
whole of the cortex, which is often of great thickness, is transformed 
into bark and is thrown uflf (compare) Fig. 49 B). 

When the primary periderm originates in the outer layers of the 
cortex (or in the epidermis), it forms for many successive years the 
external investment of the brancli; it may attain considerublo thick- 
ness, as in the Cork-oak, and at the same time exhibit an altenmtion 
of dense and loose layers (e.g., the Birch, in which the layers may be 
peeled off in thin white sheets) ; sometimes (as in Acrr camj>f‘slre and 
the Cork-elm) it forms wing-like projections from the angles of the 
branches. In a few trees, as the Silver Fir, this primary periderm 
jHirsists for some years, or, as in the Beech, during the whole life of 
the tree; the outer cork-cells split off as the trunk of the tree in 
creases in thickneas, while the phellogcn, growing and extending in a 
tangential direction, gives rise to new layers. Jo most cases, after a 
few years, new secondary layers of periderm are formed in the deejMjr 
layers of tissue, causing, naturally, the productii>n of a very consitlei 
able bark. If the new secondary layers of pernlerm occupy only a 
part of the circumference, and their margins are in contact with the 
periderm which has been previously formed, a scaly bark is formed, 
that is, isolated patches of tissue are transformed into bark. This 
bark is stretched and torn by the increasing size of the trunk, and the 
scales of it may be shed, as is the case in the Plane, or they may adhere 
one upon the other, as in the Pines and Larches, or remain connecte<i 
by the bast-fibres in long strips, as in Eobinia. When, on the other 
hand, the primary periderm has been formed in the deciicr layers of 
the cortex, the secondary periderm often forms complete concentric 
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ohyma containing chlorophyll. 


rings ; tbos hollow cylinders of the cortex are transformed into hark 
(ringed bark). The longitodinal rupture of this kind of bark is 
effected by the bast-fibres enclosed in it, e.g., Vine, Clematis, and Thiga. 

There are in the periderm organs corresponding to the stomata of 
the epidermis, and serving, like them, to admit air to the living 
portion of the cortical tissue; these are the LenticeU, They are 
usually circumscribed circular areas of the periderm where the cork- 
cells formed in the course of the summer are not arranged closely 

together, but are separated 
by intercellular spaces. In 
winter the lenticels are closed 
by ordinary cork-cells. They 
are most easily detected in 
branchesof one year's growth, 
where they are to be seen in 
tho summer in the form of 
brownish or whitish specks 
under the places where the 
stomata occur in the epider- 
mis. These spots are com- 
monly the starting-points of the formation of cork. In many trees, 
as tho Ihrch, the lenticels become much extended in width by the 
growth of the branch in circumference. When tho cork-layer is very 
tliick, as in tho Cork-oak, the lenticels form deep canals filled with 
a pulverulent mass of cells. 

In woody plants the falling off of tho leaves breaks the continuity 
of tho epidermis. This process is induced by the formation in the 
autumn of a zone of peculiar tissue at tlie base of tlie leaf, the cells 
of which become separated along one plane by the splitting of the 
common walls, so that the cells remain uninjured. Cork is subse- 
quently formed under the layer of cells covering the portion of the 
leaf which remains attached : the cork formed here becomes con- 
tinuous with tho periderm which invests the branch. 

§ 30. The Primary Meristem and the Apical Cell. 
The growing end or apex of an organ, such as a root or a stem, is 
called the ffwwing-jmnt (puncium vegetationis). In roots it can be 
readily distinguished on account of its freedom from colour, and it 
will be seen to be enveloped by a transparent mass of tissue forming 
the rcot<ap (sec § 7). In stems the growing-point is enclosed by the 
young leaves. In the growing-point the different forms of cells and 
systems of ti^e which have just been described are not yet present 
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it eoBsiste of a tianie, the cells of whioli are all capable of division^ 
ridh in protoplasm, Uiin-walled, and in close juxtaposition, without 
any intercellular spaces : this is the primary tnmisiem. Out of this 
tissue the various tissue-systems are gradually formed by the difieien* 
tiation of the originally similar cells. Most leaves and fruits, and 
many other oigans, conaist, at the earliest stage of their development, 
wholly of primary meristem, which is subsequently transformed into 
the different forms and systems of tissue, so that none of the primary 
meristem remains. In those organs, on the other hand, which have /i 
continuous apical growth, as most stems and roots, new primary 
meristem is constantly being Jjroduced proportionately to its transfor- 
mation into permanent tissue, by the formation of new cells at the 
growing-|>oint At the apex of a root, the tissue of the root is formed 
backwards from the primary meristem, and the root-cap forwards ; the 
external cells of the latter are constantly Ireing worn off 

In Cryptogams this constant production of primary meristem is 
effected by means of 
a single cell, wliich 
tKJCupies the a|>ex of 
the growing organ, and 
is distinguished by its 
size and form ; this is 
the apical cell (Fig. 65 
f’). From it all the 
cells of the primary 
meristem, and ccujse- 
quenily those of the 
whole mass of the 
j)lant, originate in 
the following way : it 
divides in regular suc- 
cession into two* of tlM» apienl niiljrintj of 

, , . » atem <4 FotUtnalis ttntipprrtiea. a Mom gvxnrlug Hi water 

these, the one remains (^ter f^eilffeb) ; v the aipleal'OeU of the aboot, produdns three 



exactly similar in form 
to the original termi- 
nal cell, it increases 
in sixe, and then fulfils 
the functions of the 


row* of aei^etiUi which are at fimt <i>4kitie a»d aftorwarda 
pliiced tranaverselj (dUrtingulahed hy a atrr>iig«r outltnei. 
Bach aegment la flrat of all broken up the diviakm n hito 
an Inner and an outer cell ; the fortner pnxluoea a }nrt d the 
inner tiaaue of the atein, the latter tbe cortex of the atew and 
a leaf. Lmi4ormiog aboota artw beneath certain leavoa. a 
triangular apical cell ft/ being formed from an outer cell of the 


tenninal cell in its 
turn ; the other, known 


eegment. which then, like e, produces three rows of aegmenta ; 
and each segment here aleo forme a leaf. 


as the tegmeiUf by farther subdiviaion (Fig. 65 a h c)^ forms a portion 
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of the tissue of the organ to which it belongs. The whole mass of 
tissue is formed from the segments which are thus successively pro- 
duced. The mode of the formation of the segments is very simple 
in some Algte, where the terminal cell is divided only by transverse 
septa, so that the segments form a longitudinal row. The process is 
more complicated when the segments are cut off right and left 
alternately by oblique walls which intersect. It is still more compli- 
cated when, as in the stems of Mosses and of Ferns, the terminal 
cell, has the form of an inverted three-sided pyramid, from which 
segments are cut off on each of the three sides by inclined walls in 
regular succession (Fig. 65). 

The growing point of the higher plants, the Phanerogams, has no 
apicahcell, to which the cells of the primary meristem owe their origin. 

§ 31. Formation of Tissue in consequence of Injury. 
When the internal tissues of most parts of plants are laid bare by 
injury, they are gradually covered by a formation of cork taking place 
in the outermost layer of cells which remain uninjured and capable 
of growth. This is easily seen in injured fruits, leaves, and herbaceous 
stems, in which the wounds that have been covered by a layer of cork 
are distinguished by a grey-brown colour. The process is very easy 
to obseive in potato-tubers, for each portion of living tissue taken from 
one, if only prevented Ifrom drying too quickly, will soon be covered 
over the whole surface by a layer of cork precisely similar in structure 
to the ordinary rind. In plants in which the wood is well developed, 
cork is not immediately formed — particulnrly when the cambium is 
wounded or laid bare — but all the living cells which border on the 
wound give rise to a homogeneous parenchymatous tissue known as 
the Callus, If the wound is small the callus-cells proceeding from the 
different sides soon come into contact and close up into a single mass 
of tissue, which then gives rise to cork on its outer surface, and, 
meeting the old cambium within, forms a new layer of cambium, 
which fills up the cavity. If the wound is a large one, cork and new 
cambium are fonned in the callus at the margins of •the wound, and 
it is not wholly closed till after repeated rupture of the approaching 
cushions of callus. The wood exposed by the wound, which usually 
assumes a dark colour under the influence of the air, does not grow 
with that formed from the new cambium of the callus ; hence inscrip- 
tions, for instance, which ore cut in the cortex so as to t^ach the 
wood, thou|^ subsequently covered by a number of annual layers of 
wood corresponding to the number of years, may easily be found. 
A explanation accounts for the fact that the surfaces of the 
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stmnpe of branches become overgrown ; the callos first appears 

as a ring from the cambium exposed in the transverse section, and 
afterwards doses like a cap over the old wood* Foreign bodieS'>-nails, 
stones, and stems of other plants — may thus become enclosed in the 
wood of a tree and be overgrown by it; the cortex, being forced 
against the foreign object by the pressure of the growing wood, splits, 
and the callus formeii in the rent grows round the object, enclosing 
it and producing new cambium. 

Stems of plants of the same species will grow together if they are 
in close contact ; the callus formed by the cortex of both, coalesces 
and gives rise to a common cambium. On this depend the various 
modes of artificial grafting, in which branches or buds with a portion 
of the cortex are taken from a variety or ai^ allied species and placed 
so that their cambium is in contact with tliat of a stem which serves 
as the stock, and subsequently they grow together. 
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THE PHYSIOLOGY OF PLANTS: 


CHAPTER I. 

CHEMICAL PROCESSES IN PLANTS. 

§ 32. The Elementary Constituents of the Food of 
Plants. All parts of living plants contain a considerable quantity of 
water : this forms not merely the principal constituent of the cell-sap, 
hut also saturates the cell-walls, the protoplasm, in short, all organised 
structures. It is one of the peculiarities of organised structures that 
minute particles of water are interposed between the particles of solid 
matter of which they consist. By heating to 100"' or 110'^ Cent., all 
the water contained in any part of a plant is exj)elled, and in conse- 
quence it will naturally lose weight. The amount of this loss, that 
is, the quantity of contained water, is very different in various plants ; 
ripe seeds dried in the air contain from 12 to 15 per cent of water, 
herbaceous plants 60 to 80 per cent., and many water-plants and Fungi 
us much as 95 per cent, of their whole weight 

The residue, which gives off no more water at a heat of 100® Cent, 
the dry solid, consists of a great variety of chemical compounds ; these 
are partly organic^ that is to say, combinations of Carbon with other 
elements, and partly inorganic. Those organic substances which occur 
in the living plant (with the exception of salts of oxalic acid) all 
contain Hydrogen. Some of them, such as many oils, consist of these 
two elements only (carbon and hydrogen), but by far the greater 
number, including Cellulose, Starch, and Sugar, as well as the vege- 
table acids, and certain oils, contain Oxygen also. The albuminous 
substances consist of Carbon, Hydrogen, Oxygen, Nitrogeh, and 
Sulphur ; in other bodies which contain Nitrogen, as Asparagin and 
many alkaloids, there is no sulphur; from certain other alkaloids, 
lor instance Niootin, oxygen is also absent. 
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The oiig^ic compounds can for the most part be resolved into 
volatile products — ohiefly carbonic acid, water, and ammonia~~by 
exposure to great heat with free access of air, that is, by combustion. 
The inorganic residue is a white, or, if the combustion is imperfect, a 
grey powder, the ctsh. 

As the result of chemical processes attending the combustion, the 
sulphur previously contained in the organic compound appears as 
sulphates in the ash, and the carbonic acid formed during combustion 
combines with some of the inorg^mic 8ubstancc«. Thi^se therefore 
must not be included in an accurate estimate of the constituents of 
the ash. 

The ash usiially constitutes but a small |>crcentagt> of the whole 
dry solid of the plant The following analyses of various |iortions of 
plants will give an idc^ of its amount and coni{)osition : 


1000 PARTS OF DRY SOLID MATTER CONTAIN : 
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These constituents of the ash do not form a merely accidental 
mixture ; it has l)een prove<l b}' experimtutt that certain inorganic 
matters are absolutely necessary to the lib* of the. plant Those 
elements which the plant requires for its nutrition, and which must 
therefore be regarded as part of its food, are : — 

L Those forming the organic compounds. Carbon, Hydrogen, 
Oxygen, Nitrogen, and Sulphur: 

IL Those forming the inorganic compounds. Phosphorus, Chlorine, 
Potassium, Calcium, Magnesium, Iron. 

Besides these we find in the ash of many plants— though they 
cannot be regarded as essential to nutrition — the following elements : 

Sodium, Lithium, Manganese, Silicon, Iodine, Bromine, and in rare 
cases, also Aluminium, Copper, Zinc, Cobalt, Nickel, Strontium, and 
Barium^ 
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Fluorine must also exist in vegetables, for it is found in a percep- 
tible, quantity in the dentine of animals which feed directly or in- 
directly on vegetables. 

§ 33. The Absorption of Carbon. The source from which 
all plants containing chlorophyll derive their carbon is simply and 
solely the carbonic acid of the atmosphere (or in the case of sub- 
merged pknts, that which is held in solution by the water), which is 
decomposed under the influence of light by the cells which contain 
chlorophyll. If a water plant (e.g., a leaf of Potamogeton natam^ 
or a portion of the stem of Elodea canadensis) be placed in water 
which holds carbonic acid in solution and be exposed to sunshine, it 
will be seen that from the cut surface of the leaf or stem bubbles of 

gas are given off at regular intervals 
(Fig. 66). These consist of oxygen. 
The carbonic acid is in fact decom- 
posed in the chlorophyll corpuscles 
in such a way that part of its 
oxygen is restored to the atmos- 
phere, whilst the residue combines 
with the elements of water to form 
organic compounds, which therefore 
contain carbon, hydrogen, and oxy- 
gen; the last, however, in smaller 
quantity than carbonic acid (C Og). 
Since almost all the constituents of the food of plants (and not 
carbonic acid only) are compounds which are rich in oxygen, contain- 
ing, in fact, for the most part the maximum proportion of that element, 
and since the products formed within the plant itself are all very 
poor in oxygen, — some of them being wholly destitute of it, — it is a 
necessary inference that in the course of nutrition considerable quan- 
tities of oxygen must be evolved. 

The first organic compound which can be detected as a product of 
assimilation is in most plants Starch (Ce Hjo O5), which makes its 
appearance in the chlorophyll-corpuscles in the form of ‘minute 
granules; sometimes grape-sugar is formed instead. A certain tem- 
perature and the co-operation of light are both indispensable to this 
process ; in the dark no oxygen will be eliminated, and the fomiation 
of starch-grains in the chlorophyll-corpuscles will also be no longer 
observable. Of the different rays which compose the solar spectrum, 
the least refrangible, and particularly the yellow rays, have the most 

in nmmnt.in'T thi® nmep » Tb^ nTcrono whieh «Tn ^donted fni* 



Fio. 66.— Evolution of oxygen from a 
water plant (Elodea CanadetuuJ : a the cut 
atom ; ff a weight that kaops the atom in Ita 
place ; 0 the gaa-bubblea rising from the cut 
aurfaoa 
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the function of assimilation are those which are rich in chlorophyll, 
particularly the foliage-leaves. 

No carbon is assimilated by green plants in any other way ; except- 
ing this particular process, there is no instance in all nature of the 
conversion of carbonic acid into organic compounds which contain 
a smaller proportion of oxygen ; hence all carbon, even that contained 
in the organic compounds of the animal body, is derived from the 
carbonic acid decomposed in the chlorophyll-corpuscles. 

A number of plants which are not furnished with chlorophyll— for 
instance, all Fungi and a few of the higher plants, as the Dodder 
(Cuscuta), Orobanche, and Monotropa — are unable, in consequence of 
its absence, to decompose carbonic acid ; hence they are compelled to 
derive their organic compounds directly from other living plants, or 
from the decomposing remains of other organisms (humus) : in the 
former case they are said to bo parasites (e.g., Cuscuta, Orobanche) ; 
in the latter they are called sajtrophytes (e.g., Mushrooms, Neottia, 
Monotropa, etc.). 

§ 34. Metabolism. The substance formed in the chlorophyll- 
corpuscles — that is, starch, in the majority of plants — constitutes 
the raw material from which all the other organic substances of 
the whole plant are elaborated. In this process of elaboration, 
the combined nitrogen and the inorganic substances absorbed from 
the soil, and the oxygen taken up from the atmosphere, are also 
concerned. The starch-grains (or their physiological equivalent) are 
continually being absorbed and removed from the chlorophyll-cor- 
puscles. Under normal vital conditions, when the plant is exposed 
to the light, the formation of starch is in excess of the immediate 
consumption, so that starch-grains are always to bo found in chloro- 
phyll-corpuscles ; but if the plant be placed in the dark, the starch- 
grains gradually disappear. 

Of all the substances which are elaborated in the plant, those are 
the most important which contribute to form the substance of the cell 
walls and of the protoplasm ; they are spoken of as plastic substances. 

The cell-walls consist of cellulose, C« Hi® O5. It has been shown 
that Starch, Sugar, and Inulin, which have a similar chemical consti- 
tution, as well as fatty matters, all serve as material for the formation 
of cellulose, and are thus the plastic substances for the cell-walls. 

The protoplasm consists essentially of albuminous substances 
(proteids), which all contain nitrogen and sulphur ; such albuminous 
substances and other nitrogenous compounds, as asparagin, constitute 
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the plastic materials for the protoplasm and allied structures, such as 
the chlorophyll-corpuscles. 

The plastic substances are not consumed at once in the organs in 
which they are formed, but they are generally utilised in other parts of 
the plant and at a later period : hence they are stored up for a time, 
sometimes for a long time, in considerable quantities in special organs, 
and are then called reserve-materiaU, The seeds of all plants are organs 
for the storage of such reserve materials; they contain, besides the 
embryo, the nutritive substances which it requires during the first 
stages of its development. Tubers are also such organs, and thickened 
roots (Potato, Dahlia-tubers, Turnips), as well as the persistent parts 
of perennial plants, such as the rhizomes of herbaceous plants, certain 
parts of the tissue of the branches and trunks of trees and shrubs, 
and in evergreen plants, even the leaves themselves. 

Potato-tubers, for instance, contain, as is well known, a great quan- 
tity of starch ; when the buds grow out into shoots, and new plants 
begin to be formed, the starch disappears in proportion as new cell- 
walls are developed. In the same way the starch of the seeds of 
cereals, the cane-sugar of the beet-root, the inulin of Dahlia tubers, 
the fatty oil of the seeds of the Eapo, the Pumpkin, the Sunflower, 
and other plants, is used up in the formation of the cell-walls of tlie 
new plant. Certain layers of cells, particularly the cells of the medul- 
lary rays of trees, contain, in the winter a quantity of starch which is 
absorbed and consumed during the spring when new shoots are 
developed. Cellulose itself occurs as a reserve-material in the seeds 
of the Date and other Palms ; the remarkably thickened walls of 
endosperm-cells are absorbed during germination, and subserve the 
growth of the seedling. The proteid-grains (aleurone) described in 
§ 15 are the albuminous reserve-materials of the seed. 

If seeds are made to germinate, or if shoots grow out from otlicr 
deposits of reserve material, as Potatoes and the like, in the dark, iu> 
fresh formation of plastic substances can take place so that the who](' 
of the newly-formed cells are developed at the expense of the reserve- 
materials ; thus the degree of development reached by plants grown in 
the dark depends on the supply of reserve-materials, which varies in 
different plants. For instance, if the tiny seed of the Tobacco ger- 
minates in the dark, only a minute seedling is developed, while a 
potato-tuber or a beet-root can nourish large plants. 

The plasrio substances which are stored up as reserve-material 
undergo a series of changes before they attain their final form, which 
mav be cellulose, or the pioteid of protoplasm. The plastic materials 
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for the cell-walls, whether they are deposited as starch, cane-sugar, 
inulin, fatty oils, or cellulose, are always in part changed into grape- 
sugar, which is conveyed in solution through the parenchymatous cells 
by diffusion to the spot where it is to be utilised, — that is, to the place 
where the new cells are being formed. Very frequently a temporary 
deposition of it in the form of starch occurs in the conducting tissues, 
more particularly in the bundle-sheaths. 

The intermediate forms assumed by the albuminous reserve-sub- 
stances are but little known. These substances appear generally to 
travel slowly through the thin- walled elongated colls of the phloem, 
but in some plants asparagin appears as an intermediate form, which 
travels through the parenchymatous tissue. 

The starch of the chlorophyll-corpuscles is conducted, in the same 
way as the starch of the reservoirs of nutriment, to the spot where it 
is to be utilised, partly in promoting the growth of the new organs, 
and partly in being stored up in one of the depositories in the form 
of one of the above-mentioned substances. 

A great number of compounds of carbon occur in plants, which 
stand in no direct relation to the development of new cells ; they are 
the by-products of metabolism, which are formed partly as an inevit- 
able result of the various changes effected in the different plastic 
substances, and partly also in connexion with the performance of 
functions which are at present in great measure unknown. Among 
these by-products are Tannin, Colouring matters, Acids, Alkaloids, 
Volatile Oils, &c. They also are formed from the reserve-materials, 
which are therefore never entirely consumed in the construction of 
new organs. 

Finally, the products of degradation are the last terms of the series 
of changes expressed by the word metabolism. They can undergo no 
further modification in the organism, and they have been formed from 
its organised constituents. To these belong most kinds of gum. In 
Gum Tragacanth, which is excreted by many species of Astragalus, 
the organisation of the cell-walls is plainly perceptible; they have 
become capable of swelling-up enormously. Cherry Gum is formed in 
the same way from cell-walls which have become diffuent, but it is 
not soluble in water. Gum Arabic, which is formed by several kinds 
of Acacia, consists of cell-walls which have been so greatly changed 
as to be ab^lutely soluble in water. 

§ 35. The ^urce and Significance of the other Con- 
stituents of the Food. All the nutriment of plants, with the 
exception of carbonic acid, is derived from the soiL 
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The Hydrogen of the organic compounds is obtained by the decom- 
position of the water which permeates every part of the plant, and is 
constantly being absorbed from the earth. 

Nitrogen^ which is an essential constituent of albuminous substances, 
is never assimilated in a free form ; although it is present in large 
quantities in the atmosphere, a plant perishes if the soil in which it 
grows contains no compounds of nitrogen. Nitrates and compounds 
of ammonia are widely distributed, and it is in this form that nitrogen 
is taken up by the plant. 

The small group of carnivoroue plants, such as Drosera and 
Utricularia, have a special means of obtaining nitrogenous food ; by 
their leaves they capture small insects, &c., and absorb compounds of 
nitrogen from them. 

Sulphur^ which is a constituent of albuminous and a few other 
substances occurring in plants, such as oil of Mustard, is derived 
from the sulphates of the soil. Probably the formation of crystals 
of oxalate of lime is connected with the decomposition of the absorbed 
sulphates : the oxalic acid of the plant combines with lime to form 
oxalate of lime, liberating sulphuric acid which then undergoes 
further decomposition. 

Phosphorus is a constituent of the phosphoric acid which is always 
found associated with the albuminous substances, and which seems to 
stand in some close relation to them ; phosphates constitute a large 
proportion of the ash of seeds. 

Iron, though it is met with in very small quantities, is absolutely 
necessary for the formation of chlorophyll, and therefore also for the 
formation of starch. The leaves produced by plants which are 
not supplied with iron during their growth are white so soon as 
their own store of iron is exhausted ; these leaves, which are said to 
be chlorotic, become green in consequence of the formation of chlo- 
rophyll, if the soil be supplied with iron, or even if their surface only 
is washed with a very weak solution of iron. 

Potassium is found in the form of salts combined with various 
organic acids, as tartaric acid, racemic acid, and oxalic acid. Unless 
the soil contains potassium, no formation of starch can take place in 
the chlorophyll-corpuscles; further, the potassium salts must bear some 
relation to the plastic materials of the cell-walls, since they are found 
for the most part in those portions of plants which are rich in starch, 
sugar, or similar substances, as in potatoes, beet-roots, and grapes. 

Calcium and Magnesium have been shown to be necessary to the 
nnnrnal i^AVAlnTiTnAnf. nf TilpTit - but TioibiTiflr bftvond thi« is neftiirptplv 
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known as to their function. They occur as salts of lime ami 
magnesia in combination with both organic and inorganic acids. 

As regards Chlorine^ it has been experimentally proved so far to be 
indispensable in the case of one plant only, the Buckwheat 
fagopyrum). 

It has been discovered by experimental cultures, that a plant can 
be perfectly nourished if it is supplied with all those elementary 
substances which have been enumerated as essential. This might be 
done, for instance, by supplying it with either of the two following 
groups of chemical compounds : 

1 . 

Calcic nitrate 
Potassic nitrate 
Potassic superphosphate 
Magnesic sulphate 
Ferrous phosphate 
Sodic chlorida 

In these two mixtures, as well as in others of the same acids and 
bases which might be formulated, all the essential elements are in- 
cluded in forms suitable for absorption. 

§ 36. The non-essential Constituents of the Ash. 

Silica, a compound of silicon and oxygen, is distinguished from the 
previously-mentioned constituents of the ash, not only in that it occurs 
sometimes in greater and sometimes in smaller quantities, but more 
particularly in that the amount of it present in any organ increases 
with the age of the organ. Hence it may be inferred that it can 
hardly stand in any direct relation to the chemical processes of nutri- 
tion. Moreover, plants which are usually rich in silica: can be brought 
to an apparently normal development under conditions which render 
the absorption of silica impossible. 

Iodine and Bromine are found in many marine plants, especially in 
Algae, and are prepared from them ; it is not known if they are of 
any value in the economy of the plant. 

Sodium, being universally distributed, is found in plants. 

Lithium occurs in the ash of several plants, particularly of Tobacco. 

Zinc, Copper, and other metals, though they are not commonly 
present in the ash of plants, are nevertheless taken up by plants from 
soils which are rich in them ; from this it appears that plants may 
absorb substances which are not necessary for their nutrition. 


2 . 

Calcic nitrate 
Ammonic nitrate 
Potassic sulphate 
Magnesic phosphate 
Ferrous chloride. 
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§ 37. The Absorption of the Constituents of the Food 
from the Soil, With the exception of floating water-plants, which 
derive the whole of their nutriment, even their carbonic acid, firom 
the water which surrounds them (e.g., Utricularia), most plants grow 
in damp, or in dry, porous soil, from which they absorb all iheir 
nourishment except carbonic acid. The organs by which this is 
effected are the roots, or, in rootless plants, hairs, shoots, or branches 
of the thallus, which take the place of roots. The epidermal cells 
and (Fig. 67 h) root-hairs come into close 
contact with the minute particles of the soil, and 
with the water which adheres to these particles. 
Some nutrient substances are held in solution in 
the water of the soil, and pass directly into the 
root-cells by diffusion; others are decomposed 
by the acid sap which is contained in the cells 
and which saturates even their cell-walls, and they 
then pass into the plant in the form of salts of 
organic acids. If a plant is allowed to grow 
over a plate of polished marble, the calcic carbonate 
is decomposed at those parte of the plate which 
are in direct contact with the roots, and a complete 
outline of the whole root-system is produced upon 
the marble. Finally, a third group of nutritious 
substances are so flrmly retained by the soil that 
fkTm (to ^ dissolved out of it by water, but 

fvj of A germinating they are nevertheless absorbed by the plant. The 

Foffopyrumj; he hypo substances which occuT in a solid form, by the 

cotyledonary portion ; intimate connexion of the root-hairs with the 
e ootyledtms. 

particles of the soil. If ' a strongly-growing plant 
be pulled up out of the ground, those parts of the root which are 
provided with hairs — neither the apex nor the oldest portion — ^will be 
seen to be closely covered with earthy particles which cannot be 
removed without tearing the hairs. 

It has been found that the ash of plants which grow close together 
in the same soil or in the same water, may have a composition which 
is different in different cases, and which is different also from that oi 
the soil ; hence it has been inferred that plants have a certain powei 
of selecrion, that they can absorb certain matters and reject others. Thh 
phenomemm can, however, be more simply explained by the knowx 
A nnbftijiiice which is held in solution by ih< 
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medium which surrounds the plant will continue to diffuse into the 
cells of the roots until equilibrium is set op between the two fluids 
separated by the membrane, and this is equally true of those substances 
which are at once absorbed by the plant as of those which are brought 
into solution by it before absorption. If the substance is not con- 
sumed in the plant and consequently remains unaltered, the state of 
equilibrium once set up is permanent, and no more of that substance 
will be absorbed; but if it is consumed in the plant, undergoing 
chemical change in the process, it ceases to exist in the plant in its 
original form, and fresh supplies will be constantly absorbed. Since 
these chemical changes differ in different plants, it is' possible to 
account in this way for the variety in the composition of the ash of 
plants which have grown side by side. 

The fact that certain constituents of the ash are indispensable to 
the life of plants is of the greatest importance in agriculture. All 
the constituents of the ash, as well as the nitrogenous compounds, 
are removed every year in considerable quantities from the soil at the 
time of harvest Those which exist in the soil in relatively small 
quantity, such as phosphoric acid and compounds of potassium and 
of nitrogen, must be restored to it : this restitution is the object of 
manuring. 

§ 38. Oxygen ; the Respiration of Plants. In the 

process of nutrition a large quantity of compounds of oxygen is 
being constantly introduced into the plant ; and, since the assimilated 
substances which are formed from the compounds are very poor in 
oxygen, it follows that during assimilation a considerable portion of 
the oxygen absorbed in a combined form must be liberated and 
evolved by the plant. In contradistinction to this process — which 
is effected exclusively in the cells containing chlorophyll and under 
the influence of light — all the parts of a plant, at all times, take up 
oxygen from the atmosphere and give off carbonic acid. This process 
is Respiration^ which must be clearly understood to be quite distinct 
from the process of the formation of starch. The fact that plants decom- 
pose carbonic acid in the one process, and form carbonic acid in the 
other, and continue at the same to increase in weight and accumulate 
carbon-compounds, can be simply explained thus — that the respiration 
of plants is usually feeble, while the formation of starch under 
favourable circumstances is extremely active. Plants which grow in 
the dark, and therefore cannot form starch, must necessarily lose weight 
and at length perish. The more vigorous growth is the more vigorous 
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is mpiratioiL It is absolutely indispensable to the life of the plant ; 
in kn, atmosphere deprived of oxygen all the vital processes are 
_ • suspended, the movements of the protoplasm 

^ f ‘ ' cease, the irritability of senskive leaves dis- 

^ appears, as in Mimosa, Oxalis (see § 50), and 

'V at last the death of the plant takes place. 

By respiration force is obtained, and new 
\ chemical processes are initiated. 

H| As in all other processes of oxidation, heat 

H'l is set free by respiration in plants; but as 

H|| I other conditions lead to rapid cooling, no rise 

■ P of the temperature is usually observable as 

IP 1 ^ " ^ the result A rise of temperature is perceptible 

11 '7 ' 1 in special cases only, in which respiration is 

I very active, and in which the conditions are 

I ^ jj \ unfavourable to rapid cooling, as in the ger- 

I! I ll ii i/ mination of seeds which lie very closely 

H K'l II together, e.g., the seeds of barley in the process 

I 11 ■■■ l| of malting ; this consists in causing the barley 

H to germinate by moisture and warmth, so that 

I the starch which the seeds contain may be 
— converted into sugar; during this process a 

Fro. ea— Apparatwa for do- perceptible rise of temperature occurs. During 
teoting the rise of temperature . i 1 1 / • n r 

in .^1 opening flow.™ or gar. blossoming of many infloresences, 88, for 

miuating seeds. The seeds are instance, of Aroids, a rise of temperature 

counting l(r.l».eth.to£ 

into the mouth of a bottle oon* the air has been observed. By means of suit- 

«8) “ of 

bonic acid produced by reapira- temperature may be detected in other plants, 

tiou. The vhoie is encios^ in quite small flowers, as well as during 

‘a glass vessel, and a delicate • • r j 

thermometeris Inserted through the germination of seeds. 

the cotton wool which closes Finally, in the few cases in which Phospho- 
the mouth. The bulb of the , , , ^ . 

thermometer is plunged In rescmce has been proved to occur m hvmg 

among the seeds. The tempera- plants, 88 in VarioUS Fungi, e.g., AgavicUS 
ture in this apparatus wlU be 7 . * , . . x- , , 

higherthaninanotberaminged oleanus ; this phenomenon IS intimately 

inthoaamewayforoumparison. connected with the taking up of oxygen; 
and in which the portions of ^ 

th.pbu.t«.>qd«»iby»»p. It only occurs so long as the Fungus lives 
of paper, Ae. and is surrounded by an atmosphere com 

taining oxygen. The old statements as to the phosphorescence of 
certain flowers have not been conflrmed. 
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CHAPTER IL 

THE MOVEMENT OF WATER AND OF GASES IN PLANTS. 

§ 39. The Slow Movement of Water in the Processes 
of Growth and of Nutrition. A potato-tuber, even if kept 
quite dry, will sprout under the influence of a sufficiently high tem- 
perature, and in proportion to the growth of the shoots, the tuber will 
become flaccid and wither, beginning at the more remote parts, in 
consequence of loss of water. This water is not only of use in that 
it dissolves nutrient substances and thus renders possible their trans- 
port to the apex of the growing shoot, but it is itself of use in the 
process of growth; for not only are solid particles of cellulose deposited 
in the growing cell-walls, but also a certain quantity of water ; and 
moreover, the vacuole of the growing coll containing cell-sap also 
increases in size. The water which is indispensable for these purposes 
is gradually absorbed from- the more remote portions of the tuber. 
Asa consequence, if the tuber be kept dry, it will gradually become 
flaccid and withered ; but if it lies in damp earth, it takes up water 
from the soil, and thus water is conveyed with the nutrient materials 
to the growing parts. Water is similarly conveyed to the developing 
buds of trees, to the growing-points of seedlings, and generally to all 
growing parts of plants, from the nearer parts in the first instance, 
then from the more distant, and finally from the external medium. 
This water travels slowly from cell to cell ; as the equilibrium between 
the individual cells is destroyed by the consumption of water in the 
growing cells, the water from the more distant portions of the tissue 
is absorbed to restore it. 

§ 40. Transpiration. Every part of a plant which is exposed 
to the air and which is not covered by thick layers of cork, is con- 
stantly losing water by evaporation into the atmosphere. If a stem 
bearing leaves be placed under a bell-jar at a sufficiently high tempera- 
ture, the glass will be soon covered with drops of water, in consequence 
of the condensation of the vapour given off by the plant. Transpi- 
ration is naturally the more energetic the higher the temperature and 
the drier the surrounding air. This loss of water is compensated by 
the absorption of water from the soil by the roots and its conveyance 
to the transpiring organs of the plant On particularly hot days it 
sometimes happens that the leaves of trees and herbaceous plants lose 
more water than their roots can replace, and they droop and wither. 
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This drooping occurs conspicuously in parts of plants which have 
been cut oE The transpiration varies in quantity according to the 
special organisation of the plant and of its separate parts. The stems 
of most woody plants and trees are almost entirely prevented from 
transpiring by thick layers of cork, and transpiration is small in such 
stems and leaves as are covered with a thick cuticle, as the leaves of 
Agave, the stems of Cactus, and similar plants ; these when cut oE 
wither slowly, and they can thnve in a very dry soil. Tender leaves, 
on the contrary, in which the cuticle is but slightly developed, as those 
of Tobacco and Pumpkin, wither as soon as they are removed from 
the plant, or if the soil becomes too dry. 

The stomata affect the transpiration of the plant inasmuch as they 
are the external openings of the intercellular spaces into which trans- 
piration takes place from the neighbouring cells, and from which the 
watery vapour escapes into the external air. 

§ 41. The Movement of Water through the Wood. 
The water given off by transpiration is conveyed to the transpiring 
organs from the roots through the wood. If a ring of cortex be cut 
away from a tree so that all conduction through the cortex is inter- 
rupted, the leaves will not wither so long as the wood is uninjured ; 
water is still conveyed through it to them. If a cut branch be placed 
in a solution of some colouring matter such as Anilin, the colouring- 
matter rises through the wootl with the water. That the lignified 
colls of the xylem serve for the conduction of water is also confirmed 
by the fact that submerged water-plants which can have no transpira- 
tion have no woody elements in their xylem. In the summer, at the 
very time when ‘transpiration is most active, the wood-cells contain 
air ; hence the water must travel, not through the cavities of the cells, 
but in the cell-walls, or probably on their surfaces. The cut stems of 
many plants which are actively transpiring wither very rapidly, and 
when placed in water take it up only very slowly ; this arises from 
the circumstance that section in air diminishes the conducting capacity 
of the cut surface ; if a portion be cut off from such a stem under 
water, water is immediately conveyed upward, and the upper portion 
recovers its turgidity. If water be forced into the stem, the same 
effect is produced. 

The water which rises through the wood-cells to supply the place* 
of that which is lost by transpiration, is taken up by the roots ; hence 
the compensation depends on their activity ; if the activity be in any 
way impaired — for instance, if the soil be too much cooled — absorption 
is diminished and the plant withers : again, a plant when newly 



41-42.] CHAPTBR II. — MOVEMENT Of WATEB AND OP GASES IN PLANTS. 81 

transplanted droops for a time, because the roots are incapable of 
taking up the requisite amount of watar, until a new growth of 
hairs enables them to become closely attached to the particles of 
the soil 

Leaves and stems are not capable of absorbing watery vapour from 
a moist atmosphere, or water when poured over them. It is, however, 
very evident that drooping plants recover their turgidity when they 
are wetted by dew or rain, or if the air be moist. This is the result 
partly of an increased supply of water derived from the moistened 
earth, and partly of a diminished transpiration in consequence of the 
dampness of the atmosphere. 

§ 42. The Root-pressure. It is an old observation that 
Vines when pruned bleed, as it is called, in the spring — that is, that 
water escapes from the cut surfaces ; closer investigation has shown 
that this water exudes from the openings of the largo vessels. 
A similar bleeding may be observed in several trees, as the Birch 
and Maple, as well as in all woody shrubs which are growing vigo- 
rously and which are provided with a well-developed root-system. 
If the stem of a Sunflower or of a Tobacco plant be cut off a few 
centimetres above the ground, and if evaporation from the cut surfaccj 
be prevented, an out-flow* of sap will begin after a time, which may 
continue for several days. This water is absorbed from tlie soil and 
forced up into the plant by the roots often with a force capable of 
supporting a column of mercury of considerable height. This root- 
pressure sometimes gives rise to the exudation of drops of water from 
different parts of plants, for instance, from the tips of the leaves of 
many Aroids, and from the teeth of the leaves of Alchcmilla vulgann; 
in the latter instance it may be observed on almost any summer morn- 
ing, and it is usually mistaken for dew. In a dry atmosphere the 
formation of drops is prevented because the water forced up from the 
roots is at once evaporated. 

In herbaceous plants the water forced up from the roots contains 
only a few salts in solution ; in the Vine and some trees it usually 
holds various organic substances, and particularly sugar, in solution. 

This movement of water, effected by the root-pressure, is particu- 
larly conspicuous in the spring, and generally at the period of most 
vigorous growth. In plants which have been transpiring vigorously 
no water exudes from the cut surface in connexion writh the root 
when the stem is cut through, until after a certain lapse of time, when 
the roots have taken up a fresh supply of water. This proves, in the 
first place, that there is no root-pressure in plants which are actively 
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transpiring, and consequently that the root-pressure does not supply 
the water lost by transpiration. 

A brief consideration of the phenomena which have been described 
will show that there are three distinct modes in which water moves in 
the living plant ; of these, two are effected by a sort of suction pro- 
ceeding from the spot where the water is being used, namely : (a) the 
slow movement of the water in the processes of growth, and (6) the 
‘passage of water through the wood to compensate for the loss by 
transpiration. The third motion (c) is caused by pressure from the 
roots upwards, independently of any consumption. It must, however, 
be assumed that absorption is constantly going on at the surface of 
the roots, and that the internal tissues are so arranged that the water 
which is absorbed can be forced upwards. 

In winter, the wood-cells contain water together with larger or 
smaller bubbles of air ; hence it happens that if a hole be bored into 
a tree in winter, when the temperature is rising, the water is driven 
out by the sudden expansion of these air-bubbles ; if, on the other 
hand, the temperature is falling, their contraction causes an absorption 
of water. 

§ 43. The Movement of Gases in Plants. Wo have seen 
that every vegetable cell takes up oxygen, and that the cells which 
contain chlorophyll consume carbonic acid. Now these gases, in order 
to reach the interior of the cells, must penetrate the cell-walls, and 
this is effected by diffusion ; they are dissolved by the water which 
saturates the cell-walls, and are conveyed by it to the point where 
they are to be consumed. In like manner the cells lose by diffusion 
the gases evolved within them ; oxygen as a product of the decom- 
position of carhonic acid, carbonic acid as a product of respiration. 

Not only do gases thus circulate by diffusion but they also move freely 
in the air-passi^es which usually occur in the tissues of plants; such as 
the intercellular spaces, the vessels (at any rate in summer), and the 
cavities formed by rupture, as in the stems of Grasses, UmbeUiferas, 
&C. These all communicate with each other and, in terrestrial plants, 
with the outer air by means of the stomata. If air be forced into a 
leaf which has a large number of stoxnata — for instance, by placing 
the blade of the leaf in the mouth and closing the lips tightly round 
the petiole — ^bubbles of air will be seen to escape from the cut Surface 
of the petiole, if it be placed in water, which come out of the openings 
of the veseels. The converse of this experiment is not equally suc- 
cessful, because the stomata of the leaf when immersed become closed 
bv water held by capillary attraction. 
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A constant interchange is always going on by diffusion between the 
air contained in these spaces and the contents of the cells ; the com- 
position of the air is thus continually changing, and currents are set 
up betw'een it and the outer air. This movement of the air in the 
internal cavities is promoted by the swaying of the plant under the 
influence of the wind, as well as by variations of temperature. 

Submerged water-plants have very large cavities filled with air, 
which do not communicate with the atmosphere by stomata ; an inter- 
change of gases cannot take place directly between the individual 
cells and the atmosphere, but it takes place partly between the cells 
and the surrounding water which holds gases in solution, and partly 
between them and the air contained in the air-chambers. The gases 
frequently collect in these chambers in such volumes as to set up a 
pressure sufficiently great as to rupture the surrounding tissues. 


CHAPTER III. 

GROWTH. 

§ 44. The Process of Growth. Plants and their organs 
grow, that, is, they increase in bulk and at the same time alter in 
form; these changes, which are permanent, are brought about by 
internal processes. A portion of a plant which has become withered 
increases in volume when placed in water, but this is not growth ; for 
if water be again removed from it, it retunis to its former dimensions, 
and evidently no permanent change had been effected. But the case 
is quite different with a ripe seed ; if it bo supplied with water it will 
germinate, that is, the embryo contained within it will begin to grow, 
and will escape from it. In this case permanent changes have taken 
place, and consequently no removal of water will restore the seed to its 
former condition. 

The most important of the internal processes which directly cause these 
permanent changes, is the intercalation of new particles of solid matter 
as well as of water in the growing cell-walls, by means of the protoplasm. 

The presence of plastic material is an indispensable condition of 
growth, but thb does not necessarily imply that the nutrition of a 
growing plant depends upon the simultaneous absorption of nutritious 
matters from without ; on the contrary, the young growing parts of a 
plant are usually supplied with plastic material from the older parts, 
which have ceased to grow. These older parts may be reservoirs of 
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nutriment, as the tubers of the Potato, or they may be factories of 
nutriment as the leaves in annual plants, e.g., the Tobacco ; here the 
full-grown leaves form starch, and the stem and young leaves grow at 
the expense of the plastic material thus elaborated. 

A second indispensable condition is the presence of water. This 
is required not merely to enter into the formation of the cell-wall, but 
to maintain the cells in a state of Turgidity, without which growth is 
impossible. The turgid condition is brought about by the endosmotic 
absorption of so much water that the elastic cell-wall is rendered 
tense by the hydrostatic pressure. As a consequence, the solid par- 
ticles composing it are forced as far as possible apart from each other, 
the intermediate fluid areas are enlarged, and the intercalation of 
additional solid particles is rendered possible. 

§ 45. The Growth in Length of Stems, Leaves, and 
Roots. Growth is brought about by internal causes; there are 
parts of plants which, when they have attained a certain size and 
shape, are incapable of any further growth ; others, as the nodes of 
Grass-stems, may begin to grow again under certain circumstances. 
Growth is influenced by external conditions, such as moisture, warmth, 
light, and gravitation. It will be advantageous to study, in the first 
place, the course of growth when it is not affected by these external 
influences. Of this, the roots offer the simplest examples. In a growing 
root three regions may bo distinguished : 

I. The growirig-point^ where new cells are being formed in great 
numbers from the primary tissue {meristem) by repeated division, but 
where no considerable increase of their size takes place. 

II. The elongating port ion^ that is to say, the part in which growth, 
chiefly in length, is taking place ; in this region the cells are increas- 
ing considerably in size, and cell-division occurs only in relatively 
small proportion. 

III. The fvlly-developed portiony in which various modifications of 
the cells take place, but no further growth. 

Stems which attain a considerable length grow much in the same 
way as roots ; in them also, as in roots, a mass of cells is formed by 
division at the apex, which undergo elongation at a lower level, and 
at a still lower cease to grow altogether. When, however, a stem 
possesses clearly-defined intemodes (see above, § 2), a farther complica- 
tion takes place, for within each intemode similar stages of growth are 
exhibited ; moreover, the nodes cease to lengthen at an early stage, 
whereas the intemodes continue to grow for some time. 

Most leaves consist at first of primary tissue, the cells of which 
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are undergoing division ; they attain their full development in different 
ways, but in all cases no part of the primary tissue remains as a grow- 
ing point so as to provide for continued growth. These three stages, 
the preparatory, the growing, and the final, are successively gone 
through by each individual cell So soon as it has been formed from 
the primary tissue, it begins to elongate in order to attain its definitive 
length. It grows at first slowly, but the rapidity of its growth 
gradually increases until at a certain period the maximum is reached ; 
it then gradually diminishes, and the cell finally ceases to grow. 
This periodicity of growth is coincident in all the cells which lie at 
the same level, so that in a growing part of a plant there is a certain 
zone where growth is most vigorous, and on each side of it the 
rapidity diminishes. 

Eveiy part of a plant exhibits a grand period 
in the rapidity of its growth : it begins to grow b 

slowly ; at a certain time it grows with a n V 

maximum rapidity; after this the rapidity of 
growth gradually diminishes until the whole H 

organ is fully developed. Apart from the in- H 

crease and diminution in the rapidity of growth, 
the time must be taken into account during 
which an organ can continue to grow, as well I 

as its capability of attaining a certain length, pio. 69 . - Tho growinir 

For instance, it is easy to observe that tho root of tho Pod in 

, -xjr \ stages. A Tho root is 

lower internodes of most stems remain short; marked by lines at equal dia- 
that those above them are longer ; that those tances. in b the differences 
of a certain part of the stem are the longest ; 

and that the upper ones again are short. Tn Unos imv© not been sepa- 
the same way the size of the leaves attached to Zft 

these various parts of the stem increases from ukowiHo are atm close toge- 
below to about the middle and then diminishes. growing-^nt 

Itere elongation has not yet 

§ 46. The Properties of Growing begun. In the intermediate 

Parts. If a stem which has ceased to grow the elongation has been 

very great. 

in its lower portion, but which is still growing 
at its upper part, be strongly bent, on being released the fully-grown 
portion will resume its original position, whereas the growing part will 
retain the curvature given to it. From this it appears that the grow- 
ing parts of a plant are highly flexible but imperfectly elastic. This 
explains the following experiment : if a sharp blow be given to the 
lower rigid part of a growing shoot of the Meadow Thistle (Cir&ium 

fnr nr to “troTi» ^hont. nf t.hft 1?' nhftrrv. thn timvr 
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growing portion becomes sharply curved ; this curvature persists after 
the shoot has come to rest, in such a way that the apex is inclined 
towards the side from which the blow came. 

If a growing intemode be divided longitudinally down the middle, 
the two halves separate widely ; this is due to the fact that the pith 
tends to elongate more than the other tissues, and is prevented from 
doing so by them ; as far as their extensibility allows, these tissues 
are stretched, and in this way tensions are set up. If the various 
tissues be completely separated from each other with a sharp knife, 
each will acquire a different length ; the pith becomes longer than the 
intemode originally was ; the outer tissues retain the same length or 
shorten, in which case the epidermis contracts the most. 

§ 47. The Influence of External Conditions on Growth 
in Length. The most important of these is Moisture, If the cells 
of an organ be not tensely filled with water (turgid), that organ will 
not grow at aU. 

With regard to the dependence of growth upon TemperaturCy it is 
to be observed that the more favourable the temperature the more 
rapid is the growth. In general, the account given in § 51 of the 
relations existing between temperature and the vital functions of the 
plant holds good with reference to growth. 

Light exercises a retarding influence on growth. It is an old obser- 
vation that those stems which develops in the dark — for instance, 
potato-shoots in a cellar — ^grow to a much greater length, that is, they 
have much longer interaodes, than those which grow normally in the 
light. Plants which have grown in darkness, and which are therefore 
abnormal in form, are said^to be etiolated. Their intemodes are very 
long, their leaves are not green but yeUow, and usually much smaller 
than the normal leaves ; this is due to a morbid condition induced by 
the absence of light, for the presence of light is an essential condition 
for the performance of certain important functions The retarding 
action of light on growth also causes the curvature of stems which have 
been illuminated on one side only during their growth, as, for instance, 
in the case of plants grown in a window. The feebler the light to 
which it is exposed, the longer will an intemode become ; so, when 
the light comes from one side only, the side of the stem most remote 
from the source of light is more feebly illuminated, and consequently 
grows longer than that which is nearer to the source of light ; as a 
necessary consequence, the stem will curve in such a way that the 
concavity is directed towards the source of light This property, 
which is exhibited by most organs, is known as positive hdiotropisnu 
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Petioles are always positively heliotropic, and when illuminated from 
one side only, they curve in such a manner that the upper surface of 
the lamina is always turned towards the light ; in this process, how- 
ever, other properties also take part. In contrast to positive heliotro- 
pism, a negative heUatropism is exhibited by a few vegetable organs — 
e.g., the stem of Ivy and many roots — which curve away from the 
source of light in consequence of the more vigorous growth of the 
more strongly illuminated side. The nature of holiotropism is not 
yet perfectly known. 

Gravitation also influences growth : it is manifest that most stems 
and trees grow straight up from the earth’s surface at all parts of 
the globe, in the direction of a prolonged radius of the sphere ; in 
the same way roots, and particularly primary roots, grow straight 
downwards, and branches and leaves grow outwards at certain angles. 
If a growing stem be placed in a horizontal position, the growing 
portion curves (Fig. 70 a) so 
that its upper surface becomes 
concave, its lower convex ; con- 
sequently the free end is directed 
upwards and continues to grow 
in a vertical direction. In the 
same way the growing end of 
a root laid horizontally curves 
downwards (Fig. 70 w). If by 
means of appropriate apparatus 
germinating seeds be caused to 
rotate round a centre in a hori- 
zontal plane (Knight’s machine), the roots obey the centrifugal force, as 
they do gravitation under ordinary circumstances, and grow away from 
the centre in the radial direction ; while the stems, on the contrary, 
grow towards the centre, in opposition to the centrifugal force. That 
the force which determines the direction of growth of parts of plants 
under ordinary circumstances is in fact gravitation, is not only indi- 
cated by the coincidence of the direction of the growth of the axes 
of plants with the radius of the earth at all points of its surface, but. 
it can also be proved by direct experiment Thus if plants ere 
withdrawn from the influence of gravitation by being made to rotate 
slowly so that at every moment the force of gravitation is acting upon 
them in a new direction, the effects produced by the action of gravi- 
tation in successive periods of time neutralise each other, the plants — 
roots and stems alike — will grow in indeterminate directions. 



Fio. 70.-- Curvature caused by gravitation In 
a seedling of tbo Pea placetl horizontally ; the 
darker outline shows the original line of growth ; 
« stem which Ims curved upwards : to the root 
which has curved downwards. 
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$ 48. Bilateral Structure of Plants. Many plants aie so 
organised that their different surfaces do not grow equally ; thus in 
young leaves the under surface at fust grows more vigorously than 
the upper, so that they lie folded over the end of the stem, and their 
subsequent unfolding is occasioned by a more vigorous growth of the 
upper surface. This unequal growth depends wholly on internal 
causes and not on external influences. Usually these phenomena are 
exhibited by two surfaces, and such portions of a plant are said to be 
bilateral. But there are also parts of plants which become bilateral 
under the action of external influences ; organs, that is, the surfaces 
of which grow imequally because they are not equally sensitive to the 
action of these external influences. 

The co-operation of the internal causes, that is, the tendency 
towards a bilateral stiucture, with external influences such as light 
and gravitation, gives rise to the varieties of position which the parts 
of plants assume in nature, particularly the horizontal or oblique 
direction of stems, branches, loaves, lateral roots, and so on. 

It is by unequal growth that those movements are produced which 
are expressed by tlie word Nidation. If the movement takes place 
only from behind forwards, or from right to left, in consequence of 
the alternately more vigorous growth of the posterior or right side 
and of the anterior or left side, the nutation is simple; but if it 
occurs in every direction in consequence of the more vigorous growth 
of each side in succession, the nutation is said to be revolving. 

Kevolving nutation is very conspicuously exhibited by climbing 
plants, e.g., the Hop, Bean, Bind-weed, &c. (v. Fig. 15 B). Bo long 
as the growing end of such a stem does not come into contact with a 
support, the revolving nutation carries it round in a circle. If in 
the course of its nutation the anterior surface of the stem comes 
into contact with a support which is not too thick, the movement of 
nutation is altered in such a way that the apex of the stem, as it 
grows, will describe an ascending spiral around the prop as its axis ; 
then the turns of the spiral become steeper and narrower, and cling 
tightly to the support. Most climbing plants twine to the left, that is 
to say, the spiral ascends from left to right ; only a few, as the Hop, 
twine to the right 

In climbing stems it is immaterial which surface comes into contact 
with the support : in this respect they differ from Tendrils, of which 
usually one side, the underside, is capable of becoming concave as the 
result of contact with a support They curve in consequence of the 
contact, which acts upon them as a stimulus. As a result of the 
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curvature thus induced, fresh portions of the under surface are brought 
into contact with the support, and the curvature continues until at last 
the whole free portion of the tendril is wound round it. The stimula- 
tion which is effected by the pressure is propagated through the portion 
lying between the support and the base of the tendril : this portion 
then contracts and assumes the form of a cork-screw, thus drawing 
the stem close up to the support (v. Fig. 15 These curvatures 

of climbing plants and of twining tendrils are accompanied by torsion, 
that is, by a twisting of the organ round its own axis of growth. 
Torsion may be produced in various parts of plants partly by external 
and partly by internal causes ; thus, to give one of numerous instances, 
horizontal or oblique branches with opposite decussate leaves may be 
found in which the leaves appear to be arranged in two rows only in 
consequence of the torsion which the internodes between the pairs 'of 
leaves have undergone. 

The alternate opening and closing of many flowers, such as the 
Crocus, is likewise an effect of bilateral structure. The lower parts 
of the petals are still in a growing condition and are highly sensitive 
to changes of light and of temperature, so that when the temperature 
is rising and the light increasing the inner side grows the faster and 
the flower opens ; as the temperature and light diminish, the outer 
side grows the faster and the flower closes. 

§ 49. (Growth in Thickness of Woody Plants. The 
processes of growth in the cambium which lead to an increase in size 
of the wood and of the bast (§ 26) are- subject, like those of growth 
in length, to certain specific internal laws. Thus in the Yew» for 
instance, very small annual rings are formed ; its growth in thickness 
is very small in comparison with that of "W illows, Poplars, Elms, &c. 
Again, the first annual rings of a young tree are much narrower than 
those subsequently formed. 

Growth in thickness is very obviously dependent upon the quantity 
and distribution of the nutiient substances formed in the leaves. 
If a tree loses many of its leaves — as, for instance, when attacked by 
locusts — the formation of new wood is considerably diminished. 
The extent of the formation of new wood is not to be measured by 
the width of the annual ring, but by its cubic content ; for it is clear 
that the same amount of material will give rise to rings, the width of 
which will vary with the diameter of the wood already in existence. 
Trees which bear branches and foliage down to the ground naturally 
have a larger supply of material for the formation of new wood in 
their lower than in their upper parts, and, as a consequence, the 
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incxease in size and the breadth of the tings of wood are greatest 
below, so that the stem has a distinctly conical form. On the other 
hand,^ those trees which bear a crown of leaves at the apex of a long bare 
stem, even on the assumption that the material is equally distributed 
and that the growth in thickness is consequently uniform throughout, 
exhibit wider rings in their upper than in their lower part : the form 
of their stems is nearly cylindrical 

The pressure exercised by the cortex, rendered tense by the growth 
in diameter of the wood, has an important influence upon growth in 
thickness. When this pressure is great, the increase of the wood is 
less than when the pressure is small This explains the increase in 
thickness exhibited by trees when planted out, before any important 
extension of the foliage can have taken place. The cortex, which had 
hitherto been in moist air in a confined space, is now exposed to the 
sun and to dry air ; it becomes brittle, and therefore can exert only a 
slight pressure. The pressure of the cortex has been shown experi- 
mentally to be the cause of the formation of spring- and autumn- wood. 
In consequence of the growth of the wood during the summer the 
pressure of the cortex becomes considerable, and as the result, a 
smaller number of vessels are formed in the wood, and the external 
layers of wood-cells become flattened. In the spring the pressure 
diminishes in consequence of the rupture of the cortex, which has 
become dry during the winter, by the wood which absorbs considerable 
quantities of water and therefore swells. That most trees cease to 
grow in thickness about the middle of August is to be attributed to 
the fact that the pressure of the cortex attains its maximum at that 
time. With reference to the relation existing between growth in 
thickness and temperature, it may be mentioned that the cambium of 
roots which have penetrated to some depth into the soil is active even 
in winter. 


CHAPTER IV. 

THE IRRITABILITY OF MATURE ORGANS. 

§ 50. The curvatures and movements which have hitherto been 
considered (§ 48) are only manifested so long as the organs in which 
they occur continue to grow. But there are many organs, particularly 
leaves, in dilforent plants which perform movements even after they 
are fully grown. The internal processes which produce them are 
highly complicated; they essentially depend upon an expulsion of 



91 


§ CHAPTBB IV. — ^IRBITABILITY OP XATUBIB OROAKa 

water, in consequence of stimulation, from the cells of one side of a 
particular part of the petiole, which is the actual motile organ. 

The full-grown leaves of many plants change their position morning 
and evening, so that a diurnal and a nocturnal position may be readily 
distinguished. In the nocturnal position the leaves are usually drawn 
together, in the day position, on the contrary, they are widely expanded. 
These movemoats are best known in the case of the Sensitive Plant 
(Mimoea pudica ) ; the pinnae of the leaves of this plant fold together 
upwards in the evening, whilst the leaf-stalk bends downwards. Tlie 
motile organs lie at the bases of the rachis and petiolules. Similar 
phenomena may be observed in many other leguminous plants, 
such as the false Acacias and the Bean. The leaflets of the Wood- 



light and a rise of tempera- 

ture effects the assumption of the diurnal position, and vice versa. 
These leaves possess also a periodic motion, effected by internal 
causes, which becomes evident when the plants are kept in continuous 
darkness : it is then seen that the leaves are in constant though not 
very vigorous movement. In some few plants these proper periodical 
movements, due to internal causes, are exhibited under ordinary con- 
ditions if only the temperature is high enough. The lateral leaflets 
of the leaves of Hedysarum (Desmodium) gyram^ for instance, (a 
pajulionaceous plant from the East Indies) constantly perform circular 
movements which are repeated in from two to five minutes. 

Among the leaves which exhibit periodic movements there are a 
few which possess this peculiarity, that contact with a foreign l)ody 
causes them to pass from the diurnal to the nocturnal position : this 
is particularly conspicuous in the leaves of Mimosa pudica. 

The stamens of many flowers, e.g., of Berberis and Centaurea, are 
sensitive only to contact ; those of Berberis when at rest are extended 
widely apart; if they are touched on their inner surf^es they bend 
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ooncavely inwards so as to approach the stigma : those of Centaurea 
contract when touched, and thereby agitate the whole inflorescence, 
for they are inserted upon the tubular corolla. The florets are closely 
aggregated in the capitulum, and if the hand is lightly passed over it, 
an active tremulous movement of all the florets occurs. 

The hair-like ap- 
pendages (tentacles) 
of the leaf of Drosera 
(Fig. 72 A\ each of 
which bears an api- 
cal gland, curve 
inwards when a 
foreign body touches 
the glands, or if 
they are moistened 
with a nitrogenous 
fluid, in such a way 
that the apical glands 
are collected toge- 
ther at the centre of 
the leaf. By this 
means small insects which have been caught by the viscid secretion 
of the glands are conveyed to the middle of the leaf, and are there 
brought into contact with as many of the glands as possible ; their 
secretion dissolves all the nitrogenous constituents of the insect, and 
these are absorbed into the plant. Other carnivorous plants have still 
more complicated motile mechanisms for the same purpose. 

In order that movements of the leaves may take place, the plant 
must possess a certain degree of irritability. Long-continued exposure 
to darkness, or to too high or too low a temperature, or the action of 
chemical or electrical stimuli, induces a condition of rigidity : when 
this is the case, no stimulus will produce any movement 
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Fio. 72.— Loaf of JOi'otera rotundi/olia. A Expanded, d tbo 
tentaoleo of the edge of the leaf ; m the stoutly-stalked glands 
in tbo middle. B All the tentacles have bent towards the 
middle at the touch of an insect, x. 


CHAPTER y. 

THE GENERAL CONDITIONS OF PLANT-LIFE. 

§ 61. Temperature. As, with a few exceptions, the evolution 
of heat within the plant itself is extremely slight, its temperature 
depends almost entirely upon that of the surrounding medium: 
equilibrium is set up between it and the plant partly by conduction 
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and partly by radiation. Since plants are bad oonductors of heat,— 
that is to say, they undergo changes of temperature very slowly — when 
the changes in the temperature of the air are rapid and extreme, the 
temperature of a plant is frequently different from that of the air, 
either higher or lower ; but when the changes are slow, as is the case 
wheh the surrounding medium is water or earth, the temperature of 
the plant is very nearly the same as that of the medium. As regards 
radiation, it is an important cause of changes of the temperature of 
plants, particularly of leaves When the sky is clear, these organs 
become much colder than the surrounding air, particularly at night, 
in consequence of radiation, and it is on this fact that the formation 
of dew and hoar-frost depends. A further cause of the cooling of 
those parts of plants which have a considerable extent of surface 
exposed to the air, is evaporation, which operates chiefly by day, and 
tends to reduce the temperature of the leaves below that of the sur- 
rounding air. 

Every process going on within a plant is connected with a certain 
range of temperature, that is to say, there is a certain minimum degrets 
and a certain maximum degree of temperature, below or above which 
the process in question cannot take place. This obtains for growth, 
for the fonnation of starch, for the movements of protoplasm, for the 
activity of the roots, and so forth. Between these limits — the maxi- 
mum and minimum — there is for every function an optinmm tempera- 
ture, different for every plant, at which that function is performed 
with the greatest activity. Tlius, when the temperature is rising to 
the optimum, at every degree it is more favourable ; if it rises beyond 
the optimum towards the maximum, at every degree it becomes less 
favourable to the performance of any particular function. 

It may be generally assumed that all the vital processes of our indige- 
nous plants begin at a certain number of degrees above freezing-point; 
that up to 25° or 30° C. they increase in intensity and roach their 
optimum at about 30° ; that their activity diminishes from 30° to 45°, 
and that they wholly cease at about 50°. In i>lant« of warmer climatf s 
the lower limit is considerably higher ; thus a Gourd seed will not 
germinate at a temperature below 13° C. 

Death, caused by exposure to too high a temperature, is affected by 
the presence of water; thus, while dry peas lose their germinating 
power only after exposure for an hour to a temperature of over 70° C., 
they are killed at a temperature of 54° if they are saturated with 
water. Most parts of plants will not bear a higher temperature than 
about 50° C. in air or 45° C. in water for any length of time. 
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The freezing of plants, that is, their iiyuTy or death by cold, only 
occurs if the temperature of the plant falls some degrees (in some 
eases even many degrees) below the freezing-point, and if at the same 
time the plant is in a condition to become frozen. Many plants are 
not killed by frost, such as Lichens, and many Mosses and Fungi; just 
those plants which can also bear drying up without suffering any 
damSge. The dry parts of plants in general, most seeds, for instance, 
and the winter-buds of trees, are not at all sensitive to cold, wherea«», 
if they contain a considerable quantity of water, as is the case when 
buds are in process of development and in succulent parts of plants, 
they freeze very readily. If an organ containing much water be 
exposed to cold, a certain quantity of water, proportionate to the 
depression of the temperature, escapes from the cells and freezes on 
^ their surfaces, and the tissues contract 

itr,, “ proportion ; the water does not freeze 

, : . \ . inside the cells. The frozen water forms 

1 1 r ' '•1 . , an incrustation upon the cells (iT Fig. 73) 

. of distinct crystals lying parallel to each 
( ^ - ^ other consisting of almost pure ice, for the 

y ^ substances held in solution by the water 

■ \ V are retained by the remaining cell-sap, 

tipi. which becomes therefore more concen- 

Fio, 78.--Tranaverse aection of a trated* It is Certain that a great many 
froaeu leaf-stalk of cy«am sroZymus; plants are not injured by this formation 

the detached epidermis ; y the paren- • ‘i. r -r ai, — • i 

chyma to which U« the of 1“ for, if the thaW 18 slow, 

sections of the flbro-vascuiar bvindies the Cells rcabsorb the Water and return 
(toft whitax Th. i» condition. But if the 

(KX^ consisting of densely-crowded 

prisms (tbs cavities of the ruptured thaw is effected Very quickly, the laige 
tissue are left Uack in the agure). quantity of Water which is suddenly 

formed cannot be absorbed with sufficient rapidity by the cells, 
and it collects in the intercellular spaces : it either induces decay 
in the plant or it escapes and is evaporated, and the plant dries 
up. However, many parts of plants, as the leaves of the 
Pumpkin, cannot be preserved from death even by the most careful 
thawing. 

Frost causes radial splitting of the stems of trees: the fissures 
close up when the temperature rises, but healing can of course take 
place only in the cortex. The splitting is due to the unequal con- 
traction of the wood, that of the extemid parts which contain much 
water being the greater. 

Cold exercises a peculiar influence on many green leaves; ihe twigs 
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and leaves of Thuja, Hex, and others, turn to a reddisli brown colour 
in the cold, and become green again under the influence of warmth. 
This change of colour, usually from green to a light brown, results 
from a modification of the chlorophyll itself, and must not be con< 
founded with the red colour that many leaves assume in autumn and 
winter, e.g., of the Virginia creeper, and which is due to the presence 
of a colouring matter in solution. 

§ 52. Light, as has been seen, is indispensable to the formation 
of starch ; but when that process has been accomplished, the sub- 
sequent process of metabolism and growth can go on without the aid 
of light, though they may be more or less affected by its influence. 
Shoots can grow from organs containing supplies of nutrient material, 
such as potatoes, in complete darkness : the growing end of the stem of 
a vigorous plant, if introduced into a dark chamber, will produce leaves, 
flowers, and fruit ; its nourishment being supplied by the lower leaves 
which remain exposed to the light If the modifying influence which 
light exercises on growth, metabolism, and similar processes, be consi- 
dered, five sets of effects may he distinguished, which are i>roduced by 
the action of light upon the vital processes of plants. Those fall under 
two heads : — I. The chemical effectSy which are produced for the most 
part by the less refrangible (yellow) rays of the spectrum (in this 
respect they contrast strongly with the chemical action of light on 
salts of silver) ; and II, The mechanical effects^ which are produced 
chiefly by the highly refrangible (blue) rays of the spectrum. 

The chemical effects are — 

I, The formation of chlorophyll ; this is in so far dependent on 
light that the colouring matter cannot acquire its green hue, but 
remains yellow, although the particles of proto{>lasm w^hich constitute 
the chlorophyll-corpuscles become differentiated from the rest of the 
protoplasm in the dark. The co-operation of liglit is indispensable to 
the formation of the green colouring-matter, and this effect is not 
exclusively confined to the rays of low refrangibility, but is produced 
to some extent also by those of high refrangibility. In only a few 
cases — as the seedlings of Conifers and the leaves of Fenis — do the 
organs of plants turn green in the dark. It must not be forgotten that 
the formation of chlorophyll depends also on the temperature, and 
will not take place if it be too low ; hence the shoots of plants which 
break through the soil in very early spring may remain yellow if the 
weather isoold, in spite of the exposure to light, until warmer weather 
sets in. 

IL The dependence of the formation of starch on light has already 
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been pointed out (§ 33) ; the influence of the rays of high refrangi> 
bility is here very slight. 

Tlie mechanical effects are — 

III. The phenomenon that in many plants a strong light produces 
a fading of the colour of leaves and other green parts, while those 
which are shaded remain a dark-green, only so much has been 
ascertained up to the present time, that this change of colour is due to 
a change in the position of the chlorophyll grains in the cells ( Epis- 
trophcy Apostrophe) effected probably by the protoplasm. Many 
swarm-spores move towards the light while others on the contrary 
avoid it. 

IV. Cell-division is independent of light. It frequently proceeds 
in parts to which no light can penetrate — as in many growing-points 
and in the cambium — with as much activity as in other parts which 
are fully exposed to light, as frequently in the formation of stomata. 
On the other hand the growth of all those organs which are positively 
heliotropic is greatly influenced by light; that is to say that it is 
considerably retarded : this effect is produced by the more refrangible 
rays exclusively. 

Y. Light acts on irritable mobile organs in two ways ; in the first 
place an increased intensity of light induces the assumption of the 
diurnal position, in the second place the condition of irritability is 
intimately connected with the normal exposure of the plant to the 
influence of light (Phototoivus), 

§ 53. Gravitation. All plants and all parts of a plant are 
naturally subject to the action of gravitation. It has already been 
pointed out (§ 47) how this influences the direction of growth of the 
organs of plants. Plants exhibit various adaptations for the purpose 
of maintaining a definite relation between the weight of their different 
parts and the discharge of their functions. The rigidity of their 
woody tissue enables boughs to support the weight of their leaves and 
fruit ; climbing and twining plants avail themselves of foreign bodies 
for the same end. Water-plants have various appliances such as air- 
containing spaces, very much elongated stems, etc., for raising the 
different parts to the surface of the water. The seeds and fruits of 
many plants are provided with hairy, feathery or winged appendages 
to facilitate their transport by the wind. 

§ 54. Electricity. The many chemical processes which go on in 
plants must be accompanied by electrical phenomena. As plants are 
good conductors the difference of the electric tension of earth and air 
is equalised by means of them : that this is the case is shown by the 
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fact that tall trees are frequently struck by lightning. Beyond this 
little is known. Highly electrical conditions of tlie atmosphere act 
upon sensitive leaves^ as those of the Mimosa, like mechanical 8ti> 
muli; and protoplasm, when stimulated electrically, exhibits no 
special phenomena which might not be produced by other means. 


CHAPTER VL 

REPRODUCrriON AND ALTERNATION OF GENERATIONS. 

§ 55. Many plants are reproduced by bulbils (see § 5) which 
become separated from them ; a similar mode of multiplication is 
effected by stems — more particularly under-ground rhizomes, creoj> 
ing stems and such like — which branch and constantly die away 
from behind forwards so that the newly formeil shoots become so 
many isolated and independent plants. The branches, and even 
leaves, of many plants, when artificially severed from them, will take 
root under favourable conditions, and form now plants. These various 
modes of propagation may bo grouped together under the head of 
vegetative reproduction. 

But, besides these, all plants, with the exception of a few of the 
lower Algae and Fungi, exhibit true reproduction. Tide may be 
effected in two ways : 

(a) ascjrualhjy by cells termed gonulia^ e.onidia, or eporee. This is 
iinivereal among Cryptogams but does not occur among Phanerogams. 
These bodies have the power of germinating and of thus producing 
new plants without the co-operation of any other parts of the plant. 
They are usually unicellular, but they are multicellular in some Fungi. 

(h ) the second mode of reproduction is the ftexuul ; it consists in 
the formation of two distinct cells which by their union give rise to a 
single cell which is capable of further development. In certain 
groups of Algae and Fungi (Conjugatae and Zygomycetes) these two 
cells are similar in size and form ; the process of their union is then 
termed conjugation. In most cases, however, coalescence takes place 
between two cells which differ greatly in both size and form, of which 
one is designated the male and the other the female. The process 
is then termed fertilisation. In roost Cryptogams, with few excep- 
tions, the male cell is an antherozoid; it is a small mass of protoplasm, 
endowed with independent motility, which penetrates the female re- 
productive oigan and coalesces with the female cell or oosphere : this is 

7 
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likewise a naked primordial cell, but it is much larger and is not 
motile. The oosphere then surrounds itself with a cell-wall and 
developes into an embryo. In the Phanerogams, which are distin- 
guished by the formation of true seeds, the male cells are known 
as pollenrgrains. They effect fertilisation by the protrusion of a 
long tube which comes into contact with the oosphere lying in the 
ovule within the ovary. 

The result of this fertilisation in the case of Phanerogams 
is that from the oosphere a new plant is developed which is 
in every respect similar to the parent-plant. In Cryptogams, on 
the other hand, and very conspicuously in the higher Cryptogams, it 
is usually the case that the two modes of reproduction alternate in the 
life-history of the plant ; the one sexual, the other asexual This is 
described by the phrase Alternation of Oenerations, In Mosses, for 
example, the leafy stem bears the sexual organs and constitutes there- 
fore the first or sexual generation (oophore). The product of fertilisation 
is not similar to the parent-plant : it is a capsule (sporogonium) in 
which spores are formed, and it constitutes the second or asexual 
generation {aporophore). Each of these spores may give rise to a sexual 
plant, A more detailed account will be given hereafter of the various 
forms in which the alternation of generations presents itself in the 
higher Cryptogams when those plants are being especially considered. 
In so far as sexual reproduction occurs among the lower Cryptogams, 
(Algss and Fungi), the product of fertilisation may be, as in the 
Mosses, a fructification in which spores are formed asexually, or 
simply an aggregation of spores, or a single spore only which is 
directly derived from the fertilised oosphere and which constitutes 
the entire asexual generation. This spore is termed an oospore when 
it is a product of fertilisation, a zygospore^ when it is a product of 
conjugation. 



PART IV. 


THE CLASSIFICATION OF PLANTS. 


Introductory Remarks. A systematic classification of plants 
may be arrived at by either of two methods. In the first, the different 
forms of plants are arranged according to some one given principle ; by 
this means order is established, and a definite position in the system 
is assigned to each plant. Many such systems have boon devised, and 
are known as artificial systems. The principle of classification in such 
a case must be determined more or less arbitrarily and without con- 
sidering whether or not, in the resulting arrangement, the plants which 
are nearly aUied are always brought together, and those which are 
less nearly allied are kept apart. The best-known of tlieso artificial 
systems is that of Linnaeus, called the sexual system, which classifies 
plants by the number and mode of arrangement of the sexual organs. 
Those organs, in his time, wore known only in the Phanerogairis 
(seed-bearing plants) ; to the great group of the Cryptogams^ which 
Linnaeus regarded merely as a subsidiary department of the Vegetable 
Kingdom, this principle is inapplicable. 

The natural system, to the gradual development of which a more exact 
knowledge of the reproduction of Cryptogams has largely contributed, 
has for its object the classification of plants according to their funda- 
mental relationships, and as these are established once for all by 
Nature itself, the natural system is not based upon any arbitrary 
principle of classification, but depends upon the state of our knowledge 
of these fundamental relationships. These find their expression in the 
structure and other characteristics of the reproductive organs, as well 
as in the relation of reproduction to the alternation of generations. 

This is more particularly true with regard to the definition of the 
larger groups of the Vegetable Kingdom; within these groups 
relationships may be exhibited sometimes in one way and sometimes 
in another, so that it is not possible to lay down any universal rules 
for determining close affinities. 

As the investigation of this subject is still far from complete, the 
natural system cannot be regarded as being perfectly evolved; the 
various general sketches which have hitherto been given are therefore 
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no more than approximations to the truth. The system laid down in the 
following table has no pretension to be regarded as the only correct one; 
it is selected simply because the arrangement it offers appears to answer 
most nearly to tlie present state of knowledge of morphology and affinity. 

The following Table exhibits, provisionally, the main divisions of 
the vegetable kingdom ; — 

1st Group. Thallophyta. Plants of very simple structure, 
without any differentiation of leaf and stem, with- 
out true roots or fibrovascular bundles, some 
without evident alternation of generation. 

Class 1. AI^sb. 

„ 2. Fungi 

2nd Group. Muscineas. The plant which is developed from 
the spore has generally a distinct stem and leaves, 
but possesses neither fibrovascular bundles nor 
roots, and bears the sexual organs (oophore). The 
fertilised oosphere gives rise to a capsule contain- 
ing spores (sporophore). 

Class 3. Hepaticm. 

„ 4. Muscl 


3rd Group. Pteridophyta. From the spore a small pro- 
thallus is developed which bears the sexual 
organs (oophore). From the fertilised oosphere a 
plant is developed consisting of stem, leaves and 
roots, containing fibrovascular bundles and pro- 
ducing spores (sporophore). 

Class 5. Filicinae 
„ 6. Equisetacece. 

„ 7. Lycopodinse. 

4th Group. Phanerogam ia. These plants are characterised by 
the production of true seeds containing at maturity a 
minute plant (embryo), furnished with rudimen- 
tary root, stem, and leaves. The ovule contains 
the oosphere from which the embryo is developed 
in consequence of fertilisation. 

A. Gymnospermae. 

Class 8. Gymnospermae. 

B. Angiospermaa. 

Class 9. Monocotyledones. 

„ 10. Dicotvledones. 
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If the characteristics which are common to several groups ho 
especially considered, .the Phanerogams may be distinguished os 
seed-bearing plants from the three groups of Cryptogams which are 
sporiferous ; the Thallophytes and Muscinese may bo distinguished as 
non-mscviar plants ( cellular plants) from the higher Cryptogams and 
the Phanerogams which are vascvHar plants, and the Tliallophytes 
from the three groups which exhibit a differentiation of leaf and stem, 
and which are termed Cormophytea. 

Th^ above-mentioned Classes are of very unequal extent ; for while 
certain of them, as the Equisetacese, include few forms and those fur 
the most part very closely allied, others, as the Dicotyledons and the 
Fungi, include an enormous number of very different forma These 
discrepancies arise from the very nature of the natural system, for a 
great diversity does not necessarily disjday itself in a ty[>e which is 
represented by a single class, and it must not bo forgotten that 
probably the few living representatives of many Classes, for instance 
of the Lycopodium, are but the surviving remnant of various once 
well-represented orders which have become in great measure extinct. 

Those Classes which include a sufficiently large number of forms are 
subdivided into subordinate divisions, as (1) Series, (2) Tribes, (3) 
Orders, (4) Families, and these again, if necessary, into Sul)-(udci*8 
&c. : but these names are applied in the most arbitrary manner to the 
different sub-divisions. The two narrowest systematic conceptions, 
viz., Genus and Species, are used to indicate an individual plant. 
Under the term Species are included all individuals which agnjc so 
closely that they may be considered as having all descended directly 
from a common ancestral form. New peculiarities may no doubt — 
though comparatively seldom — occur iu the course of multiplication : 
the individuals characterised by these new peculiarities are regarded 
in classification as varieties of the species. When several species 
resemble each other so distinctly that their genc^ral appearance 
indicates a relationship, they are grouped together in a Gemis, The 
limits of genera are consequently by no means fixed, but vary 
according to the views of individual botanists. In the larger genera 
the species are grouped into Suh-genera, 

The scientific .name of every plant consists — on the plan introduced 
by Linnaeus — of two words, the first indicating the name of the 
genus, and the second that of the species. Thus, for instance, the 
greater Plantain, Flardago major^ and the Bibwort, Plantago 
lanceolata^ are two species of the genus Plantago. Since in early 
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times the same plants were often described under different names, and 
as different plants were often designated by the same name, it is 
imcessary in scientific works, in order to avoid confusion, to append 
to the name of the plant the name of the botanist who is the 
authority for it. Thus Plantago lanceolata L., indicates that 
LinnsBUS gave the plant this name, and at the same time that the 
plant meant is the one which Linnaeus described and to which he 
gave the name. Again, the Spruce Fir is called Abies excelsa D. C. 
(De Candolle), while the same plant was placed by Linnaeus in the 
genus Pinus under the name Pinus Abies L. ; hence these names are 
synonymous; but Pinus Abies Buroi, is another plant altogether, 
the Silver Fir. 

The method by which each plant has its place assigned to it in the 
natural system is exhibited in the two following examples — I. Plan* 
iago major ; II. Agaricus musearms : — 

L Group; Phanerogamia. 

Division; Angiospermae. 

Class; Dicotyledones. 

Sub-class ; Gamopetalae. 

Tribe; Anisocarpeae. 

Sub-tribe : Hypogyna?. 

Order ; Labiatiflorae. 

Family ; Plantagineae. 

Genus; Plantago. 

Species: Major. 

II. Group ; ThaDophyta. 

Class ; Fungi {Carposporeasi), 

Order : Basidiomycetes. 

Tribe : Hymenomycetes. 

Family: Agaricineae. 

Genus: Agaricus. 

Sub-genus: Amanita. 

Species : Muscarius. 
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GROUP L 
THALLOPHYTA. 

Tliis group includes the lowest forms of vegetable life. They pre- 
sent no differentiation of stem, leaf, and root, and some of them are 
unicellular, the entire organism consisting of a single cell. In the lowest 
members of this group there is no sexual reproduction ; in the higher, 
the product of sexual union may he a single spore, or a mass of spores, 
or a fructification within which spores are formed. The division of 
the group into the two classes Algae and Fungi is artificial, in that it 
is based upon the presence (Algae) or absence (Fungi) of chlorophyll. 
Still it is probable that these classes are on the whole really natural, 
and that the evolution of higher forms proceeded equally in both. 

General Clabsipication op Thallophytbs. 

A. Protophyta. 

Ko sexual reproduction. 

Algm, Fungi, 

Phycochromaceae. Schizomycetes. 

Saccharomycetes. 

B. ZygoapoTOB, 

Sexual reproduction by conjugation. 

(a.) Product, a resting-spore (zygospore). 

Zygomycetes. 

Myxomycetes (1).* 
Chytridiaceae (1). 

(6.) Product, a new individual. 

C. OosporecB, 

Sexual reproduction by fertilisation. 

(a.) Product, a resting-spore (oospore). 

Saprolegnieas. 
Peronosporeie. 
Entomophthoreae (1). 

(5.) Product, a new individual 

Melanophycess. 

• The note of interrogation indicates that the occorrence of sexual reprodne- 
tion has not been definitely ascertained in the Order to which it is appended. 


ConjugatsB. 

Zoosporeae. 

Botrydiaceae. 


Siphoneas 

VolvocinesB, 

(Edogonieae. 
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D. CarposporecB. 

Sexual reproduction by fertilisation. 

Product, a fructification. 

Ascomycetes. 

Uredine® (JEcidiomycetes) (!). 
Ustilagine® (?). 

Basidiomycetes (t). 


Class L — ^ALGiE. 

These are plants of the simplest structure which live in water in 
the form of green, blue-green, or brownish iilamentB or masses of cells, 
and clothe damp surfaces such as rocks, walls, or the bark of trees, 
with a covering of one or other of these colours. In the sea they 
attain often a very considerable mass; some of them are of a 
beautiful red or brown colour, and attract the attention of the 
observer, partly by their gigantic size and partly by the elegance of 
their ramification. Whilst some are unicellular, existing throughout 
their whole lives as single cells and producing new individuals by 
division, others form long rows of cells, or considerable masses or 
extended surfaces of cellular tissue. 

The most important feature in which the plants of this Class differ 
from the Fungi, is tlie presence of chlorophyll and the consequent 
mode of life. The Alg® are able to form the organic substances 
necessary for their nutrition, whereas the Fungi are obliged to obtain 
them from other oi^anisms. The presence of chlorophyll is obvious 
enough in the green Algas, but it exists also, though less evidently, in 
Alg® which have a bluish gr^n, olive-green, brown or red colouring- 
matter m addition in their chlorophyll-corpuscles. The nature of this 
additional colouring matter is usually the same throughout whole 
families which also resemble each other in their modes of reproduction. 

The reproduction of the Alg®, when it is not merely a process of 
division, is effected by cells which are produced sexually or nsexu- 
ally. The former are designated by terms which indicate the 
special mode of their development, (zygospore, oospore, earpospore) : 
the latter are spoken of generally as gonidia, (zoogonidia when 
they are motile). Reproduction by means *of zoogonidia is very 
common in this class (Figs. ^7 and 80) : these are small protoplasmic 
bodiee^ without ceUrwalls, formed either by the divisian or the 


Coleochrote®. 

Floride®. 

Charace®. 
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rejuvenescence of a cell, which move through the water by means of 
delicate filaments, the cilia : after a time they come to rest, become 
invested by a cell-wall, and give rise to new individuals by growth and 
cell'division. 

In the very lowest forms reproduction is effected neither sexually 
nor by means of zoogonidia. In the ConjugatsB the entire contents of 
two cells unite to form a zygospore. In many Zoospore® two 
zoogonidia, which may or may not be exactly similar and which are 
usually formed by cell-division, coalesce to form a zygospore. To 
these naturally follow those orders in which only the small mole cells 
(antherozoids) are motile, the female cells being the oosphcros which 
remain in their mother-cells {oogonia) and are converted into oospores 
in consequence of fertilisation. The oospores may or may not be 
invested by special integuments, and, on gorraination, may give rise 
to one or more individuals. From these the Florido® differ in the 
peculiar structure of the female organs and in the foimation of masses 
of spores. On the other hand the Zoospore® resemble the Botry- 
diace®, which have only lately been accurately studied, in wliich a 
a new individual is formed at once, without any resting-stage, from 
the product of the union of two zoogonidia. The same occurs in the 
Melanophyce®, so far as their mode of reproduction is known at 
present, but in them the female cell, though it is set free before 
fertilisation, is not motilci. 

If, in addition to the modes of reproduction, the general vegetative 
structure of the Alg® be considered, a classification such as the follow- 
ing may be constructed. This must of course be considered as only 
provisional, since the reproduction of many forms is still unknown, 
and it is therefore only possible to assign them a systematic position 
by a consideration of their vegetative structure. 

I. Sexual reproduction unknown ; no zoogonidia. 

Order 1. Phycochromace® ; bluish-green Alg®. 

11. Sexual reproduction, effected by the conjugation of the entire 
contents of two stationary cells. 

Order 2. Conjugate. 

III. Sexual reproduction, effected by the conjugation of zoogonidia. 

Order 3. Zooeporeee; the product of coiyagation is a 
resting-spore. 

Order 4. Botrydiace®; the product of conjugation is a 
new individuah 
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IY« Sexual Heproduction (so far as is at present known), effected 
by the fertilisation of a free oospheie, from which a new 
individual is directly developed. 

Order 5. Melanophycese. 

V. Sexual Heproduction, effected by fertilisation within special 
female organs (Oogonia and Carpogonia). 

A. The thallus a single, much-branched, filamentous cell 

Order 6. SiphonesB. The oospore gives rise to a single 
new individual : female organ an oogonium. 

B. The thallus a tissue: several new individuals usually de- 
veloped from the oospore. 

(a.) Female organ an oogonium. 

Order 7. VolvocinesB : thallus spheroidal, motile. 

Order 8. Oedogonie® : thallus filamentous ; oospore with- 
out special integuments. 

(h,) Female organ a carpogonium. 

Order 9. Coleocbffite® : thallus consisting of rows of 
cells : oospore with a special cellular investment. 

Order 10. Florida® (red Alg®) : the female organ has a 
complicated structure : numerous spores produced in 
consequence of fertilisation. 

Order 11. Charace® : the oosphere has a cellular invest- 
ment before fertilisation, and gives rise to a single new 
individual 

1. Phycochromacece or blue-green Alg®. Neither sexual reproduc- 
tion nor formation of zoogonidia is known in this order : multiplication 
is effected most frequently by cell-division, 
which takes place in some cases in more 
than one plane, but sometimes also by means 
of gonidia. Several of the genera are uni- 
cellular, e.g., Gloeocapsa (Fig. 74), Chroo- 
coccus and others. The separate individuals 
are sometimes enveloped in a gelatinous 
difi9uent membrane, and are thus united 
into colonies or families forming a blackish 
Fio. 7A-GkBoc»paa ( x 800 ) in qj dark-blue film on rocks or Mosses. Others 

itfiffoi. A Dooosnos JB, C. 

MpoitAd dividon (from npiK^ax as many-celled filaments : Nostoc 
(Fig, 75 A), for instance, consists of rows 
of colls forming brownish gelatinous masses which are often to be 
found after wet weather on paths or sandy soil ; in a dry state they 
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ade inconspicuous and of a dark colour. The Oscillarieaa (Fig. 75 

the filaments of which exhibit peculiar locomotor movements, are often 

seen as blue-green or brown-green ^ 

patches fioating on stagnant waters 

and having a very disagreeable smell. ^ 

The EivulariesB form cushion-like .... ^ .. .> 

patches consisting of a gelatinous Fio. 76.— A. Filament of Noetoc. a. End 
matrix, in which the filaments are ^ filament of o«:iiiaria(3oox 

disposed radially ; they occur on submerged stones and water plants. 

2. The Conjtigatm are distinguished by the process of conjugation 
which takes place between the whole of the protoplasmic contents of 
the cells in the process of reproduction. Zoogonidia are not formed. 
They are subdivided into three families : 

a The Zygmmacem^ consisting of long unbranched filaments which 
occur in large floating patches in many waters, particularly ponds and 
springs ; they are easily recognised by their bright green or yellowish 
colour as well as by the delicacy of their filaments. Their chlorophyll- 
corpuscles have peculiar forms ; in Spirogyra they are spiral bands 
(Fig. 40), in Zygnema, stars (Fig. 76 A)^ in Mougeotia, plates. 

b The Desmidiacece include unicellular forms, which are often • 
extremely beautiful, as Closterium (Fig. 76 B), Cosmarium, 
Staurastrum, Euastrum (Fig. 76 0). 

c. The Diatomacem, in which the chlorophyll- 
corpuscles are of a dark yellow colour. The 
individuals are unicellular ; the cell-walls con- 
tain much silica, and exhibit extremely deli- 
cate and elegant thickenings. The wall (frustulc) 
of each cell consists of two halves which fit into 




Fia 77 .— Flimularla, s Din* 
Ficl 76 .— .a FVaffmentof n filament of Zygnema; in each tom (mag. and diag,); a 
eell are two star-ahaped dilorophyll-oorpuaclea oonnected by lateral Tiew, thawing the mode 
a o(^kmrleaa of |irot<^laam in whidi Ilea the nucleua. oonneotionQf thetwohalrea 
M doaterinin, C Suaatrum. two Deemida with chlmnopbyll- of the fhistule ; $ auifaoe 
plataa. r\»w. 

each other like the two parts of a pill-box (Fig. 77 o). Division 
takes jdace lengthwise between the two halves, and the newly formed 
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wall of the daughter-cell is enclosed within the rim of that of the 
mother«cell, so that the two halves of the ceU-waU are of different 
ages. In consequence of repeated division the indiyiduab must grow 
smaller ; when this diminution has gone on to a certain extent the 
formation of auxospores takes place, that is of very large cells, 
either by means of growth alone or as the result of conjugation and 
subsequent growth. In some genera, e.g., Kavicula and Pinnularia 
(Fig. 77) the individuals are soKtsry and they are endowed with a 
peculiar creeping mode of locomotion. In others, as Melosira, they 
are arranged in long filaments. They occur frequently and in great 
numbers in all waters, fresh as well as salt, sometimes also in damp 
soil between Mosses. The siliceous frustules of Diatoms have been 
preserved from the early geological epochs and exist in various parts 
of the world in great masses, under the name of infusorial earth. 

3, The Zoosporece are reproduced by means of zoogonuiia which, 
in the case of many forms at least, conjugate, and give rise to 
resting-spores. 

Some families, such as the Hydrodietyem consist of unicellular 
forms which generally live together in colonies (Fig. 78 .4). The 



whole colony is usually actively 
motile by means of the cilia of 
its individual members. Periods 
of rest sometimes alternate with 
periods of movement, and these 
resting forms were formerly re- 
garded as being distinct plants ; 
such are many Palmellacem and 
perhaps Pleurococcus mdgarin, 
which is constantly found as a 
green growth on the trunks of 
trees and in similar situations. 
Hmmatococcus lives in puddles ; 


Pia 7a-P««fc)ri« iMmm (400> A. . ^ resting^Us are of a purplish- 

colony (octtDobluizi) : P, two soogonldia, formed 6 -i v 

by the diTiaion of the oeiia of j, in procou of red colouT and where they occur 


oonjugntlon. 


in masses they impart a red hue 


to the water or to the snow (red snow). 

The Co^fervem are filiform Algm which are widely distributed in all 
waters, being especially abundant near their margins; the zoogonidia are 
formed in the individual cells, either in considerable numbers or one 


only in each. The filaments of Cladophora are much touiched and are 
himh to the toudi. The filaments of Ulothzix axe simple; in this plant 
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certain larger a(K>gonidia reproduce it vegetatively, whereae the 
smaller ones conjugate and reproduce it sexually ; Chroolepua is 
orange-coloured, and grows on damp rocks, &c., in velvety patches. 

In the Ulvaceoe the polyhedric cells are united into flat expansions ; 
in Ulva Lactuza, which is a common green sea-weed, the membranous 
expansion may be simple or moie or less branched ; in Enteromorpha 
it forms the wall of a tube, 

4. The Botrydiacece are represented in fresh water by Botrydium 
alone. This is a small unicellular plant, looking like a green spheroi- 
dal vesicle with colourless root-like outgrowths which attach it to the 
mud in pools. It is reproduced in several ways ; the most remarkable, 
perhajm, is tlie formation within the vesicle of the so-ciUled “ Spores,” 
each of which gives rise to a laige number of conjugating zoogonidiji. 


5. Mela- 
nophycece, 

These are r\ fK ^ 

brown sea- 

weeds. Their ^ \S 

chlorophyll- \\ 

corpuscles are > 

' of an olive- 

green colour. ^ 

They are usu- 
ally of a con- 
siderable size, 

and present y ^ 

great variety of form. The thalliis 
consists sometimes, simply of rows of 
cells, sometimes of masses of tissue; 
it often attains gigantic dimensions, and 
appears to branch dichotomously. The 
cell-walls are very mucilaginous. Some 
are provided with large cavities flllod 
with air (Fig. 79 &), by means of which 
they are enabled to float. 

The reproductive oigans are borne 
by certain branches of the thallos 
(Fig. 79). They are developed in 
peculiar depressions of the surface, 






Fio. 79.— Fmum vexciculonti, 
aat sixe. b Alr-Maddor*. 


, a)>out I' 
/ Fertile 


the wnee^clee. The antherozoidu '»“'*• 

are fonned m certain cell* termed antheridia, and the oospherea in 
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certain cells tenned oogonia. The oospheres are extruded from the 
oogonia and are then fertilised by the antherozoids. The fertilised 
oosphere at once developes into a new individuaL 

The different species of Fucus and of Laminaria are typical repre* 
sentatives of this order, 

6, The Siphonece are unicellular, but the tubular cells are large and 
much branched. The different species of Yaucheria (Fig. 80) are 
frequently found in springs, in wells, and on damp soil, in large dark 
green patches. Zoogonidia are formed in special cells formed by the 
cutting off, by means of septa, of some of the branchings of the main 
cell (Fig. 80 h). Sexual reproduction is effected by antheiidia 

and oogonia. The antheridia are cells, usually curved into a hook> 
shape, which are developed as lateral branches. Within them the 



Fia 8S.~>raHcA«rta tuili* ( x 80X dtp A newly-formed Boogonldium. B A resting soogo- 
nldium. C The oommenoement, D tad S more advanced stages of germination; tp 
p oo f onidinm ; « apex xd the fl^n filament ; w Its colourless part' 'answering to a root 
F Tuhular cell with sexual organs ; op oogonium ; h antberldium OxorVty after fertilisation 
(after StdisX 

anthermids, which are subsequently discharged, are formed. The 
oogonia are spherical cells, developed close the antheridia, in which 
the oosphere is formed by rejuvenescence (Fig. 80 JP, og). After 
fertUisation the ooi^here becomes sunbunded by a proper membrane 
and is then known as the oospoice. Whether or not the very large 
forms found in jdie sea, e.g., Caulerpa, consisting of a single much* 
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branched cell, really belong to this order, is at present uncertain, for 
their reproduction has not been fully investigated as yet. 

The order of the Siphoneac appears to be more closely allied to the 
Saprolegniese (Fungi) than to the other Algae. 



Fio. 91. —J Qfdoffonium eiiiatum (x 250\ A Middle part 
of a sexual filament ^th two uogonia (og) fertilised by the 
dwarf male plants <mX developed from aoogonidia formed 


7. The Volvocinecef as 
represented by the genus 
Volvox, are closely allied 
in their structure to the 
ZoosporesB which live in 
colonies ; the colony hero 
takes the form of a hollow 
sphere. Fertilisation is, 
however, not effected by 
the conjugation of zoo- 
gonidia; but the oosphere, 
M’hich is stationary, is 
fertilized by antherozoids. 

8. The CEdogomecB 
occur in green patches in 
springs and other waters. 
These patches are com- 
posed of cellular fil^ 
meiits, of wliich the sepa- 
rate cells sometimes pro- 
duce zoogonidia and 
sometimes become 
oogonia, the contents of 
each one being converted 
into an oosphere by reju- 
venescence (Fig. 81 B), 
The antherozoids, which 


in the cell m at the upper part of the filament B Oogonium 
at the moment of fertilisation; o the oosphere; og the 
oogonium ; t the antherosoid in the act of forcing its way 
in ; m dwarf male plant C Ripe oospore. D Piece of the 
male filament of CBd gtmdliparwm^ t antheroeoida. S 
Branch of a Bulbochate, with one oogonium still containing 
a spore, another in the act of allowing it to escape ; in the 
lower part an empty oogonium. F The four swarm-spores 
formed from an oospore. 0 Swarm-apore from an oos- 
pore come to rest (after Pringsheim). 


resemble the zoogonidia 
bat are smaller, are pro- 
duced in some species by 
repeated division in the 
cellfl of the filaments 
(Fig. 81 D ) ; but in other 
species the cells of the 


filament give rise to peculiar zoogonidia which adhere to the oogonium 
aud grow into dwarf males consisting of but few cells (Tig* ^1 ^ wi) : 


it is in these that the antherozoids are formed. 
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9. The {)oleochade(B form hemispherieal or disk-sbaped ctisbions of a 
beautiful green colour on submerged stones and water-plants. The 
female organ is termed a mrpogonium. It is unicellular, and presents 
a long tubular projection open at the apex, the trichogyne. After 
fertilisation the oosphere in the basal dilated part of the carpogonium 
becomes invested by a special membrane; the carpogonium becomes sur- 
rounded by outgrowths from neighbouring cells, so that it is enclosed 
in a cellular integument, and thus forms a fructification called a 
ctjetocarp. On germination, the oospore divides, and from the cells 
thus formed within the cystocarp there escape swarmrspores^ which 
subsequently give rise to new individuals. 

10. The Flcnidem, or red Alg83, are of a beautiful red or violet 
colour, and live in the sea ; only a few forms, such as Batrachosper- 
mum moniliforme, of a purplish-brown hue, are found in fresh water. 
Many representatives of this class are distinguished by their graceful 
branching; and in several Genera, e.g., Polymphoniay it is of such 


a nature as almost to justify the de- 
signation of some of the branches 
as leaves. Reproduction is effected 
in a peculiar manner. Fertilisation 
takes place by means of anthero- 
zoids which, having no cilia, are not 
motile (Fig. 82 A s). They attach 
tliemselves to a projecting cell of the 
female organ, the trichogym (Fig. 
82 f) ; in consequence of fertilisation, 
a cystocarp is formed from the basal 
portion of the trichogyne, or more 
frequently from cells which surround 
its base, or from others more remote 
from it. The cystocarps are here 




masses of spores (Fig. 82 0 o), or 
receptacles, wjthin which the spores 
are formed. The asexual reproductive 
cells (tetragonklia) are also devoid of 
cilia, and are passively floated about 
by the water. 


Pio. 82.— Fructification of Nomallon. 
A The end of a brandi with a male and 
a female organ : the former produces the 
antheroEoids, the latter consists of the 
trichogyne t, to which the antherocoids 
s adhere to ofiTect fertilisation, and ci 
the base o, from which the e3r8tocarp 
(B and C) is developed (x SOO). 


CalliUtamnion eorynibomnit Ceramium rxtbrum, Chondrut erisptia (used in 
medidne fs Carrageen Moss), Plocamium eoccineumt Bdeaseria hypogloamm and 
CoraUina mbma, are common representatives of this class in European seas. 

11. Characm, These are the only green Alg« which, like the 
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Florideae, have membew that can be p^jarded as leaves. In the genus 
Nitella (Fig. 83 A), inhabiting waters which are not hard, each 
intemode of the stem consists of a single cylindrical cell (Fig. 83 A «), 



Fio. 83.— Upper portion of a branch of Nitdla JlexUU (nat. aliso); •$ the item ; ^ 
leavoa ; with «p the female, and a the male organa. B Part of a fertile leaf xx of Cham 
(f>Ox); 6 b' the loaves: the female orgiui contains the oosphoro B. The peculiarly twlste<l 
investing-coUa of the carpogonium end In a little corona, kr: a the antheridium (after 
Sachs). 

tlie wall of which is lined by a comjiact layer of chlorophyll-corpuHcles. 
"J’ho leaves (Fig. 83 Ay b) form whorls at the nodes and each consists 
of a row, aometimes branched, of elongated cells all similar in fonn. 
In the otlier genus, Chara, of which nuriierous species occur in many 
waters and which are remarkable for tlu ir unpleasant smell, the stern 
and leaves are covered with small cortical cells. In all the long cells 
a rai)id rotation of the protoplasm is f»erceptible. The female organ 
(carpogonium) is an egg-shaped body (Fig. 83 B) ; it possesses a 
covering of cells twisted spirally which enclo.ses the oosphere. Th<i 
oosphere becomes an oospore in consequence of fertilisation and 
remains enclosed in the integument. The antheridia (Fig. 83 a) are 
visible as small red spheres ; within them the spiral antherozoids are 
produced in rows of cells. 


8 
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Cr^s IL— FUNGL 

This class, like the preceding, includes many very simple organisms 
as well as others of tolerably high development. None of them 
contain chlorophyll, and their mode of life is correlated with this 
peculiarity. They must take up their nourishment, and more 
especially their Carbon, in the form of organic compounds. Some, 
termed Partmtesy such as Eust and Smut, absorb it from living 
organisms, plants or animals. Others, called Sajorophytei^, absorb it 
from the remains of dead organisms, or from organic compounds 
formed by living organisms : the bark of trees and the humus or 
leaf- soil of forests and meadows are examples of the former case, and 
they support numerous and often large Fungi ; the juice of fruits and 
saccharine solutions are examples of the latter case, and in these 
Moulds and Yeasts often make their appearance. 

In Fungi the cells are usually arranged in rows so as to fonn* 
long filaments called hyplim : those are loosely and irregularly 
interwoven (ida eontexta)y as in the common Mould, but some- 
times they are firmly connected into a mass of considerable size, of 
definite external form and internal structure, as in Mushrooms. A 
few Fungi only consist of small isolated cells, or of long branched 
tubular cells like the Siphoneae among the Algae. The vegetative struc- 
ture developed from the reproductive cell, consists of hyphte, and is 
called a mycelium. The organs of reproduction are usually developed 
upon some part of the mycelium, but, if circumstances be unfavourable, 
the mycelium may continue to vegetate for a long time, attaining a most 
luxuriant growth, without bearing any reproductive organs. The 
white felt-like growth which often clothes the walls of damp cellars is 
a sterile mycelium of this kind. 

The reproductive cells of Fungi are formed in two ways : in the 
one, the protoplasm of the mother-cell divides into a number of spores, 
or free-cell formation takes place within it (endogonidia, ascospores) : 
in the other, segments are cut off from the mother-cell by abstriction, 
(stylogonidia) a process which differs from* that of ordinary cell- 
divisions only in the marked constriction of the cell in the plane ox 
division. The cells which undergo this abstriction are called haskUuy 
and they frequently bear a delicate projection, the sterigmay at the 
end of which the spore is borne. In some Fungi the cells formed by 
the first of these two methods are naked masses of protoplasm, and 
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move actively in water; they are called zoogonidia. The lowest 
Fungi are not reproduced sexually, and this is proljably also true of 
some which are more liighly organised. Sexual reproduction is 
exliibited in the form of conjugation by the Zygomycetes, in which 
branches of the mycelium coalesce, and in the form of fertilisation, 
closely resembling conjugation, in other Phy corny cetes as well as in 
many Ascomy cotes. Other Ascomycetes (and jierhaps the Umlinefe) 
have female organs whi(di resemble the carpogonia of the Florideae, 
and which are fertilised by small cells, the which are 

passively conveyed from place to place. These cells are forme<l by 
abstriction in certain receptacles called aperniogonifu In tln^ follow- 
ing account of the various groups of Fungi, as in tlio case of the 
Alg®, the reproductive cells which are produced asexually are spoken 
of as gonidia or cjmidla (stylogonidia, endogonidia, zoogonidia), 
whereas those which are produced sexually are spoken of as sjjoraUf 
(zygospore, oospore, ascosj)ore). 

Our knowledge of the alternation of generations among tlu^ Fungi is 
still very incomplete, and the vi(5ws h(*ld with regard to it are some- 
what discordant. This, however, appears to l)e certiiin, that tlio great 
variety in the modes of reproduction, the so-called plamiorphism^ 
which was believed to exist in one and the same species, has not been 
confirmed, although as a matter of fact many Fungi have more than 
one kind of reproductive organs. 

The following remarks are explanatory of the arrangement of the Fungi which 
is adopted here. With the exception of the Schizomycetes, wdiich are doubtless 
allies of the Phycochromaceic but destitute of chlorophyll, and whiclj, like theiUi 
are reproduced generally hy c<‘ll-division, Fungi nr.* reproducf;d in two ways — 
asexually, by means of conidia, and sexually, by m(?ans of spores. In the 
Phycomyeetes sexual repro<luction is effected by the i onjugationi of two hyphic, 
or by a process which differs but little from this. The product is a resting- 
spore or zygospore which, on germination, may give rise to an individual bearing 
conidia, or simply to a sporangium. It is diflicult to coinparcj the life-history of 
one of these Fungi with that of an Alga or of a Moss in which the alternation 
of generations is evident. 

The Ascomycetes are probably nearly related to the Phycomycotos. In them 
the sexual process is of much the same kind ; but the pro<luct is not a single 
resting-spore, but a number of spores contained in receptacles called am. 
These asci are more or less enclosed in the mycelial tissue, and thes<; together 
form a fructification. The mycelium bears, in addition to the sexual organs, 
numerous organs which reproduce it vegetatively. 

The greatest difficulties arc offered by those Fungi the reproductive cells of 
which are formed by abstriction. In the (Jredinea the «cidium-fniit is probably 
the sexually-developed fructification, whereas the other fructifications are 
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probably only v^tatire. No sexual organs have been discovered as yet in the 
Basidiomycetes» and their large fructifications may therefore be regarded as organs 
efiecting asexual reproduction. ' 

As to the relationship between Fungi and Algse, it has been already pointed 
out that the Schizomycetes and the Phycochromacese appear to be allied, and 
they are connected by intermediate forms. Resemblances also exist between the 
ChytridiaceflD and the lowest Zoosporese. It seems probable that the divergence 
of the two classes began at the first indication of sexual differentiation. In the 
lower Algee the zoogonidia conjugate, and the connexion of the more complicated 
sexual processes of the higher Algae with this simplest form can be readily traced. 
In the lower Futjgi the cells which correspond to the mother-cells of the zoogo- 
liidia of the Algee are those which conjugate. 

The Entomophthoreee are perhaps intermediate forms between those Fungi in 
which the conidia are formed in the interior of mother-cells and those in which 
they are formed by abstrictiou. Their sporangia may be compared with those 
of the Peronosporese on the one hand, and with the conidia of the Uredine^ and 
Basidiomycetes on the other. 

The following is an attempt to classify the Fungi in accordance 
with the present state of our knowledge : 

I. Sexual reproduction unknown : multiplication by cell-division 
or by endogonidia. 

Order 1. Schizomycetes. 

Order 2. Saccharomycetes. 

II. The mycelium (if present) consists of a single tubular, much 
branched cell : endogonidia are formed in sporangia ; sexual 
reproduction occurs in the form of conjugation, or of fertilisa- 
tion, the product being (except in Myxomycetes) a resting- 
spore ( Phycomycetes). 

(a) . Sexual reproduction hy conjugation. 

Order 3. Zygomycetes. Mycelium, a tubidar cell ; endogonidia 
non-motile (the sporangium is sometimes thrown off as 
a conidium). 

Order 4. Chy tridiaceae. Mycelium usually absent : zoogonidia : 

(conjugation has only been observed once). 

Order 5 Myxomycetes. No mycelium. The plasmodium, 

formed by the coalescence of the amoeboid masses of 
protoplasm set free from the conidia, is motile. 

(b) . Sexual r^roduction hy fertilisation. 

Order 6. Saprolegnieae. Mycelium, a tubular cell : zoogonidia. 
Order 7. PeronosporesB. Mycelium, a tubular cell : zoo- 

gonidia are formed in the sporangium which is thrown 
off as a conidium. 

Order 8. (f) Entomophthorefle, 
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ILL The mycelium consists of multicellular hyphae. The presence of 

sexual organs has been ascertained in some members only. 

(a) . Spares farmed in the asH of a fructification. 

Order 9. Ascomycetes. 

(b) . Reprodwdiw cclh fanned by aMriction or by simple cell-divisitnu 

Order 10. Ustilaginesa. Reproductive cells of one kind only, 
formed by diviHion of the hyphsB. 

Order 11. Uredineae. The reproductive cells, which are usually 
of different kinds, are formed by abstriction or by cell- 
division at one point only of each basidiiim, partly 
in small fructifications (perhaps sexually produced) and 
partly on the mycelium. 

Order 12. Basidiomycetes. The reproductive cells, which are 
all of one kind, are formed by abstriction nt different 
points on each basidium in asexual fructifications. 






Pio, 84. ' - SchUoniycetoH 

In Bacillus on- ^ 

Bacterium ; e 8[4rilluui. 


1. The Schizomycetes are very minute organisms, of which little 
more than the outline can be detected ; they are thereforci very (iusily 
confused with altogether different objects. 

The cells may be either isolated, and tlieii 
spherical (Micrococcus, Fig. 84 «), or rod-like 
(Bacterium, Fig. 84 />), or united into filaments 
which may be straight (BaciUus) or spirally 
wound (Spirillum, Fig. 84 r), 
dogonidia are formed ; certain cells of the fila- 
ments undergo divisions, and the cells thus formed are distingnislied 
by their longer J)er8i8tence, and their ])nwer of resisting injurious 
influences. Some forms produce colouring matters m the oounMj of 
their life (such as that causing the re<l r^idour of mo\ildy breml) ; 
others play a |«irt in <3crtain infectious tljwawe, such as .1 fiphthi'ria, 
Cholera, Typhus, &c. 

2. SacdmromjjceteH. These Fungi occur in fermenting sul>-. 
stances. The mycelium consists of branchwl rows of oviil <x;lls, 
produced by successive budding : the oeUs 8ei)amt4’> very easily from 
each other. Endogonidia are produced in the cells under ocirtain 
circumstances: they are four in number in each cell Tlic»(i Fungi 
have the power of converting the sugar contained in the suljstance 
upon which they live into aichohol and carbonic acid. 


Seuxbaromyees eerecisiae^ the ordinary yeast (Fig. 85), ia only known in the 
cultivated state in which it is used in brewing, Ac. 8, dlipmidem ooctiis in 
nature on the Moifsee of fruits, such aa grapes^ and causes the feimeatatum of 
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tlieir juices after they hare been crushed. S, Myeoderma belongs to this group f 
it exists on the surface of fermented fluids and causes their further decomx>o- 
sition. 

3, Zygomycetes, Of these, the most 
common and the most Important are the 
species of the genus Mucor, such as Mucor 
MitcedOf racemosuSf stolonifer^ which occur 
as mould on preserves, bread, &c. The 
Pio. 86.— Growing cells of i^iycelium is much branched, but consists 
Yeast (Saccharwiyee* cerevisiaj only of a single cell (Fig. 86 in) I it gTOWS 
in the substance and, when mature, throws 
up aerial branches. These become enlarged at tlieir free ends, and by 
tlie cutting off of the enlargement by a cim^ed partition, the sporan- 




gium is formed, within which numerous endogonidia are formed (Fig. 
86 a). On germination, each endogonidium gives rise to a new mycelium, 
which, in its turn, bears sporangia and endogonidia. Under certain cir- 
cumstances the mycelium bears zygospores (Fig. 87 z). Two branches 
pf the mycelium come into contact at their free ends, and a cell is cut 
off in each by the formation of a septum : the two cells coalesce (con- 
jugate) to form a single cell, the zygospore : its cell-wall becomes much 
thickened. After a long period of quiescence it germinates, and it 
usually produces a single hypha bearing a sporangium quite similar to 
those borne by the ordinary mycelium. 

4, The Chytridiacem are among the lowest of the Phycomycetes. 
Some of them consist of a single spherical or oval cell, which itself 
becomes a sporangium, its protoplasm giving rise to a number of 
j^oogonidia.. When one of these zoogonidia comes to rest, it assumes 
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the spherical form. These forms live in water either as saprophytes 
or as parasites upon aquatic plants. The genus Synchytrium incliuh's 
forms which are parasitic upon land-plants, such as Anemone and 
Taraxacum : in these the single cell gives rise to several sporangia. 

5. Mijxomycetes, In the mode of development of their conidia 
these plants resemble the Zygomycetes, but in tlieir structure they 
differ widely from all other Fungi In the vegetative condition 
they do not consist of cells or tissues, but they art^ simply masses of 
naked protoplasm, called plamcHUa (Fig. 88 A), creejung from place 



Fio. 88.— A. Part of a pkumodium of JDidymium B. A closed uporangiiim 

of Arcyria incamata. C. The Kama after the ruiituro of ita walla (//) and exiairudou of the 
capilUtium ep (20) (after Sacha). 


to place on the substratum, which may >30 tan, earth, decavo<l 
leaves, <fec. At the same time a rapid streaming may be ol 3 serv(*<] 
in the protoplasm itself. When it is reproducing itself, the whole 
plasmodium is converted into sporangia, which are spheriwil liodies 
resenabling the fructifications of Truffles (Fig. 88 J9); in these the 
conidia are formed. In some cases the whole of the contents of the 
sporangium are converted into conidia ; in others, a part of them go 
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to form the capillitium (Fig. 88 which is a network of filaments. 
On germination^ the protoplasm of each conidium is set fiee, and 
either creeps about in an amoeboid manner, or swims as a zoogonidium. 
These isolated masses of protoplasm unite in great numbers to form 
the lai^e plasmodia. 

^thalium, sepHcumt the “ flowers of tan,’* occurs in the form of yellow plas- 
modia, which may be several square inches in extent, on spent tan : it forms 
masses of sporangia which are yellow externally and dark brown internally. 

Tfichia rvMformUt and J>idymium serpula are smaller forms which are 
commonly found in forests. The sporangia of the former are brown oval bodies, 
from 2-8 mm. in length ; they occur in groups on leaves or among Moss. 


6. The SaprolegniecB are aquatic Fungi. The branched unicellular 
mycelium forms a dense growth upon the dead bodies of small animals 
or on parts of plants which are in water. Correlated with their mode 
of life is the |act that the reproductive cells formed in their sporangia 
are zoogonidia. Sexual reproduction is effected not by conjugation 
but by fertilisation. The organs are of two kinds : there are 
oogonia, which are spherical cells each containing several oospheres, 
and there are antheridia from which protuberances are developed 
which enter the oogonia and effect the fertilisation of the oospheres. 
The resulting oospores germinate after a period of quiescence and 
develope either sporangia or a mycelium bearing sporangia. 

7. The PeronosporecB are parasitic upon other 
plants. The unicellular mycelium permeates the 
intercellular spaces of their tissues and absorbs 
nourishment by means of special organs from 
the neighbouring cells. Sporangia are formed 
on certain branches which usually project 
through the stomata of the host (Fig. 89) : 
these are thrown off entire and are therefore 
usually spoken of as conidia. If they fall into 
a drop of water zoogonidia are formed within 
them which are set free : when these come to 
Ra S9.— Hypba rest they attach themselves to the cuticle of 

iponmgia proieoting from their host, become invested by a delicate mem- 
» stoma (•) of the leaf of brane, and then germinate. In some no forma- 

tbe Potato ; t the epor- ^ 

angiaO&ox tion of zoogonidia takes place, the sporangium 

itself developing a mycelium. In the forms in which sexual 
reproduction is known, the antheridium applies itself to the 
oqgonium, and the oosphere contained in the latter becomes fertilised 
and is converted into an oospore. The germination of the oospore 
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tak«s pkoe after a long period of quiescence ; usually swarm-si)orefl are 
formed withm it 

In tlie genus Peronospora, which is represented by many species (P. pamsitica 
on Capsella, P. nivea on Umbelliferae, &c.)» only one sporangium is borne by each 
branch of the hypha which protrudes through a stoma. In Phytophthora the 
sporangia are displaced laterally by branches which arise from the hyphoe bearing 
the sporangia, at their points of origin. To this genus belongs P. which 

produces the potato disease. The tissues of the host undergo decomposition in 
the infected parts and turn black : the mycelium of the Fungus extends from the 
circumference of these spots, and throws up hyphoe bearing sporangia through the 
stomata (Fig. 89). The zoogonidia developed in the sporangia of the parasite hud 
their way to healthy plants ; they also peuetiute through the soil to the tubers, 
and the mycelium which is developed from them extends into the young |K)tato* 
plant which grows from the tuber. No sexual reproductive organs have l)cen 
observed in this Fungus as yet. PhytophO^ora Fa^ infects and destroys the 
seedlings of the Beech. In Cystopus {C. candidtis on Capsella and other Crucifers, 
C. cubima on Compositas) hyphoe bearing sporangia are formed in groat numbers 
close together under the epidermis and cause its rupture ; each hypha bears a 
number of sporangia. 

8. The Entomophthorece are parasitic upon Insocts. Empuna 
MiCBccBy for instance, infests house-flicis more cspociiilly in the autumn. 
The sporangia are formed by abstriction from cells which protrude 
from the body of tbe fly. Within them endogonidia are formed 
which are projected against the under-surface of the bodies of living 
flies, the only part at which penetration is possible. In other 
species rcsting-spores have been detected which are possibly of sexuai 
origin. 

9. The Asccnnycefes have a mycelium consisting of multicellular 

hypliae on which a fructification is formed (ascertained with regard to 
some and hardly to be doubted with regard to the others) in con- 
sequence of fertilisation. The formation of th(i ascosj^ores takes ])lace 
within certain cells of the fructification culled tiacL Free cell-forma- 
tion takes place witliin them, usually eight being formed. Each 

of these surrounds itself with a proper cell -wall (v. Fig. 39) ; some- 
times they undergo division. They are usually extruded from the 
asci« Fertilisation may take place in two ways. In the one, two 
contiguous branches of the mycelium become intimately conntMih^d, 
of these one, which is usually the larger, is the female organ, it is 
frequently spirally rolled and is designated as the ascogonimn (Fig. 90 
B and C as); the other smaller one, which attaches itself to the asco- 
gonium is the male organ, the pollinodium (Fig. 90 B and C />). In 
the other way, the female branch of the mycelium is spirally wound 
and in a projecting filament quite simil ar to the trichogyne of the 
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FloridesB, (see page 112) td which the spermatia become attached. The 
epermatia are small cells, incapable of * spontaneous motion, formed by 



Fia. 90.— Rut'otium repms. A. A portion of the mycelium with hyphes (c) hearing conidia ; 
the conidia have already fallen off from the sterigmata (ft); as, a young ascogonium. 
B. Ascogonium (a«) with a polUnodium (p). C. Another with hypb» growing up round it. 
1>. A fructification seen on the exterior. E, F. Sections of unripe fructifications ; w the 
investment : / filaments arising from the ascogonium, which subsequently bear the asd. 0. 
An asous. U. A ripe spore (magnified) (after Sachs). 

abstriction in special receptacles known as the spermogonia (v. c.g. 
Fig. 99). Whilst the fertilised ascogonium developes and finaUy 
produces the asci (which are often arranged in a special layer called 
the hymenium, in which they are mingled with sterile filaments, the 
paraphysee) the surrounding cells grow to form an investment which 
wholly or partly encloses the product of fertilisation and with these 
constitutes the fructificatioa 

The mycelium also bears asexual reproductive cells, which are 
termed conidia or stylogonidia, because they are formed singly or in 
tows by abstriction from certain branches of the mycelium the siterig^ 
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mcda (Fig, 90 st). Many of the commonest forms of mould are 
the conidia-bearing forms of Ascomycetcs which bear sexual organs 
and fructification only under exceptional conditions. Besides these, 
in many Ascomycetes conidia are formed by abstriction in sj)ocial 
receptacles known aapycnidia. 

The following classification of the Ascomycetes is only provisional. 
A great number of them, characterised by a peculiar mode of existence, 
were formerly regarded as a distinct class and known as Licliens ; and 
as it is not possible at present to ascertain which forms among 
tlie other Ascomycetes are allied to them, tlie Lichens will be 
considered separately last of all. The Ascomycetes proi)er arc 
commonly divided into four grou}»s. 

(a) Erysiphem or Mildews. Tlie fnictification has no hymenium : 
the asci are distributed apparently without order in every direction 
and are often few in number; the fructifiention, tlie wall of which 
often has characteristic filamentous appendages, opens by iniigular 
rupture ; or in some cases not at all, so that the six^res arc only 
liberated by its decay. 


Species of the genus Eryniphc and allied genera live on the surface of many 
plants, as the leaves of the Rose, the Hop and others, and form a delicate wliito 


film known as mildew. The hyphai of the 
mycelium throw out minute processes as 
suckers. The fructifications are visible to 
the naked eye as blackish specks. The 
conidia-bearing form of an Erysiphe of which 
the fructification is as yet unknown, which 
has been provisionally named Oidium 
Txickerif lives on the leaves and young fruit 
of the grape-vine, causing the well-known 
vine disease. 

To this division belongs a not uncommon 
mould, Eurotium Asperyillus (Fig. 90) : in 
this form the conidia are abstricted in rows 
on a spherical swelling of the fertile hypha 
w'hich bears the sterigmata. The commonest 
mould is Penicillium glaxurnm^ but it is 
doubtful whether it belongs to this group. 
It bears tufts of branched hyphee on which 
the conidia are formed in rows (Fig. 91). 



Fio. 91.—Fcrtil« hyphA of Penicillium 
fflaueum. § The rows of conidia ; m part 
of a byidiA of tbo mycelium (150). 


In this stage it occurs as a greenish grey film covering the substratum on which it 
grows, such as moist damp substances and fluids of all kinds. The fructification, 
only lately discovered, is as large as a pin’s head and consists of a mass of pseudo- 
parencb 3 rmatou 8 tissue which is traversed and absorbed by the ascogeuous h 3 rph» 
with the exception of the most external layer which remains as a wall., i 
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(h) The Tuheraem or Truffles, have an underground, more or less 
spherical fructification, in which the hymenia bearing the asci line the 
i^urface of labyrinthine passages through the mas& The sexual 
organs and any other organs of reproduction are not known. 

Tvher CBstivuTrif hrumaU and other species are eatable and are known as Truffles ; 
Elaphomycea granulaiuSy about the size of a walnut, is not rare. 

(e) Pyrenomycetes, The hymenium lines the inner surface of flask 
shaped or spherical receptacles, the jperithecia (Fig. 92 (7, cp) which 
open at the apex. These perithecia occurs singly or in great numbers 
on a peculiarly constructed body the stroma. 



Fio. M .— Ctavietpi pwpui'ta, A. A Sderotlum (c) (x 2) bearing stromata (cJ). B. Section 
of a stroma ; ep the peritheda. C. A peritbedum more highly magnified. D. An aacus 
niptured. the elongated spores {$p) are escaping (SachsX 

Among the simple forms with solitary perithecia must be mentioned the 
geoera Sphaeria and Sphaerella, many species of which appear on dead leaves as 
blaek spots ; Calosphaeria, which forms its long slender perithecia in groups on 
the wood and bark of cherry>tree8 ; Pleospora and Fnmago of which the mycelium 
and eonidia constitute the black film known as Smut which occurs on variona 
parts of plants. 

In the compound forms, those, that ia, which have a stroma, the stroma 
loniii warty incrustations or patches of irregular outline, which have a pone* 
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tnated appearance owing to the numeroos openings of the perithecia ; 
dutcifornUa which forms black warts as large as peas, belongs to tins group, 
it is very common on dead boughs ; also Nectria dwudmrina which has a 
bright red stroma, and occurs on many kinds of dead wood ; Nectria ditiawimt 
causes a disease on the branches of Beech- trees. In other cases the stroma 
developea into an upright club-shaped or branched tufted body like the stromata 
of Xylaria, for instance, which occur very frequently on the trunks of trees ; 
the conidia often appear as a mealy dust on the upper portion. ClaHce^tH 
purp^reOf known as Ergot, or ofB.cinally as Sccale coniututOf also l)e1ongs here. 
The mycelium of this fungus covers the young ovaries of the Rye or other cereals 
which it attacks and bears conidia which arc imbedded in a mucilaginous 
substance, forming what is known as Honoy-dew. By means of lliese, other 
plants may become infected. In coui*8e of time the fungus pervades the wlioh? 
tissue of the ovary and after it has destroyed it, it forms a hard muss of tissue of 
about 3-2 ceutimeti*es in length and of a dark violet hue, the sclerotiumy which 
is known as Ergot. This sclerotium, after it Iwis fallen to the ground, gives rise 
in the following year to a few stromata which resemble little knobs borne on 
stalks (Fig. 92 A\ and the ]>erithecia, which are very nnmerous, are imbedded in 
the tissue at the surface (Fig. 92 B cp). The oscospores which are developed in 
these find their way to young Rye plants, and their mycelium, ]>cnetrating through 
the leaf-bhoaths, extends to the flower where again the lloney-dew is formed. 
The various species of Cordyceps infect the larvae of insects. 

( d,) The Discomycetes differ from the preceding only in that the 
hymenium cov’’crs the surface of tlie discoid or cupshaped fnictificatiun,’ 
the apothedim (Fig. 93 h). 



1. The Phacidiacem grow u{>on various 
parts of plants, to which the small 
black fructification is closely attached. 

Bhytisma accrinum api)enrs in tlic form 
of round dark spots on the leaves of 
the Maple. The mycelium is probably 
parasitic, but the development of the 
fructification docs not take place until 

after the leaves liave fallen. The 8.ame ^ . 

I8theca9ewith^y*fen«mnerm«/««<m, ronn^ula; h tho hymonlu... 

which inhabits the leaves of the Silver .su. h«). 

Fir, with H. macrospoi'umf which in- 
habits those of the Spruce, and with U. Phuwlri, which inhabits those of the 
Pine. They cause the leaves to turn brown and to fall off. The fructifications are 
somewhat elongated, and cause the rupture of the efudermis. 

2, The Pezizaccce have fleshy or waxy cup-shaijed fructifications. They grow 
upon different substrata, Ascobolus ujwn dung, some specif^ of Peziza u|K>n 
earth, others upon parts of plants (P. Willkornmi causes the so-called cancer of 
the stems of the Larch), Bulgaria, with a gelatinous orbicular fnictification, upon 


dead branches. 

8, The Helvellaceoe have usually club-shaped fructifications, the smooth or 
reti'cnlate surface of which is covered by the hymeninm. To this group hdong 
■the (esculent) species of the genus Morcbella, the Morell, Helvella, 4c. 
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The lAehe7i8 were formerly regarded as a distinct class ; but recent 
investigations have shown that they are Ascomycetes belonging to the 
Pyrenomycetes and Biscomycetes which are parasitic on Alg®. These 
Alg^ are enclosed in the thallus of the Lichen and were formerly termed 

gonidia (Fig. 94 g). The 
gonidia are either solitary 
spherical green cells belong- 
ing to the Palniellaceoj 
(Algm ) ; or they are cellular 
filaments : if they are of a 
red colour they belong to 
the genus Chroolepus, if of 
a bluish-green they belong 
to the genus Xostoc or to 
some other genus of the 
Phycochromaceae. They 
may be either irregularly 
distributed throughout the 
thallus, when it is said to 
be homalomeroiis, or they 
may be arranged in definite 
layers in the mycelium, 
when the thallus is said to 
be hetercnneroiis (Fig. 94). 
The organs of reproduction 
belong entirely to the 
Fungus, and the spores 
are produced in asci. The asci in some c^es form a layer on the sur- 
face of certain cup-shaped receptacles called apothecia (in the Biscomy- 
cetes) ; in others they are enclosed in perithecia (Pyrenomycetes) 
(Angiocarpous and Gymnocarpous Lichens.) In these, as in other 
Ascomycetes, speniiogonia occur : in the Lichens they are probably to 
be regarded as male organs in w'hich spermatia are formed by abstric- 
tion. The spermatia are conveyed by water to the female organ, the 
trichogyne, which has been already mentioned (page 121) and the 
result of fertilisation is the development of an apothecium from the 
basal part of the female organ (ascogonium) which is imbedded in the 
thallus. Lichens are also reproduced by means of soredia : these are 
small groups of gonidia invested by hyphse, which are set free from 
from the thallus and grow into a new individual (Fig. 95). 

Lichens grow on trees, rocks, walls, and on the earth amongst 



Fia. 94.— Transverse section of the thallus of Stkta 
fuliginom (.'SOO). o cortex of the upper surface ; u under 
surface ; m network of hyphw forming the medullary 
layer ; g gonidia ; r root-like outgrowths (rhizinos) of 
the undor surface (after Sachs). 
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Mosses : they may become completely dried up without having tlioir 
vitality destroyed. 


According to the form and 
texture of the thallus. Lichens 
may be arranged in the four 
following groups. 

1. Fruticoee Lichens, The 
thallus grows erect in a shrub- 
like manner : its internal struc- 
ture is the same in all parts, 
that is, there is no distinction 
of an upj>er and an under 
surface : the gonidial layer 
usually forms a hollow 
cylinder. 

To this group belong the various 
species of Usnea (Fig. 96 A), and 
allied genera with a cylindrical 



Pro. 95.— A~ D. Sorodia of Umea harbaia, A. 
A simplo tiorodium, conalatlng of a gonidium 
covered with a web of hyphw, B. A sorodium, iu 
which the gonidium hiM multiplied by diviaioit. 
C. A group of Hiniplo Hoitsdia, roMultiiig from the 
penetration of tho hypluo l)ctwoon the goiiidia. 
/>, a. Germinating sorodia : the hyphie are ftuining 
an ajHJX of gn)wth, and tho goniilia are multiply- 
ing (after Sacha). 


thallus which grow on trees. RocccUa tiiictoria, grows on rocks in 


regions bordering on tho Mediterranean ; from it and other allied Lichens 



litmus is prepared. Ramalina and Evemia, with a ribbon-shaped flatteiiwl 
thallus, occur on trees and wooden fences; Cctraria islandica, is the 
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loeUmd Moss, which forms a madlagiiums fluid when boiled with water. 
ATW/ptyckia ciliwris which resembles the foliaoeons Lichens, with a flattened 
thall^^ is common on the tranks of trees. Cladonia, has a scaly decumbent 
thallus from which erect branches spring bearing the apothecia: Cladonia 
flmhriata is common ; Cladonia ranyi/erina, the Rein-deer Moss, occurs on 
moors : Sphserophorus has the same external appearance but it is pyrenocarpous. 

2. Foliaceoua Lichens. The thallus is flattened and adheres to 
the substratum ; the green (rarely bluish-green) gonidia form a single 
layer beneath the upper surface (Fig. 94). The margin of the thallus 
is usually lobed. 

ParmeliO' parUtina occurs with its bright yellow fertile thallus on tree-trunks 
and walls, together with other species of a grey colour. Sticta pidmonacea (Fig. 
96 B)t has a reticulated yellowish thallus, and grows on tree-trunks. Peltigera 
is represented by several species which grow on mossy banks in woods : the 
apothecia are borne on the margin of the lobes of the thallus. (Jmbilicaria and 
Gyrophora, of a dark colour, grow on siliceous rocks. Endocarpon has a grey 
thallus with numerous small peritheeia which appear as black dots : it grows on 
rocks. 

3. Grustaceom Lichens. The thallus is usually indefinite in outline 
and can often be scarcely distinguished from the substratum, the 
fructification alone being conspicuous. 

The numerous species and genera are classified according to the size and form 
of the spores and to the structtire of the fructification. 

(a.) Discocarpi: the apothecium is 
surrounded by an outgrowth of the 
thallus, and in the Lecanorese it is at 
first entirely enclosed by it, e.g., 
LccaTwra mhfusca common on the 
tninks of trees : in the Lecideacese it 
is surrounded by a ridge but is never 
enclosed ; to this group belong the 
common BticUia paraaeTna^ occurring 
on tree-trunks, JRhizocarpon geographic 
cunif which forms bright yellow in- 
crustations of often enormous extent 
on silicious rocks. The apothecia are 
irregular, sometimes linear in form 
(Fig. 97 A B) among the Graphideae, 
the gonidia of which are the red 
cells of Chroolepus : Gfraphis acripta 
is common on the trunks of Beeches. 
The small Caliciceae, which are common 
on bark, on wooden fences, Ac., have 
stalked apothecia, as also the Baeomy* 
ceae (without any ridge) : Bdaomycea 
rosexta is common on sandy soil. 

(h). Pgrenoeafpi. The peritheeia arc iml)eddcd in outgrowths of the thallns 



Pig. 07. — Crustaeoous Lichens. A and S. 
drapkU tlegatu. B. Slightly magnified. C. 
Perivaeaia WtU/enif allghtly magnified (after 
SaohaX 
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either aingly or several together as <Fig. 97 C) in Pertnsaria: they project ftom the 
thallus and are provided with a special black investment in Uie VermcaneiB. 

Many species of crustaceons Lichens inhabit the highest peaks of the Alps on 
which no other vegetation is to be seen, and they contribute materially to the 
weathering of the rocks. When they grow on the tranks of trees, they oconr 
more especially upon those which have a smooth surface : the formation of bark 
interferes with their growth. 

4. Homoiomerom Lichens. The gonidia belong to the Phyco- 
chromacese: the thallus is usually lobed, 
of a dark colour, more or less gelatinous, 
sometimes filamentous. 

The latter is the case in Epbebe, which consists 
essentially of a filamentous Alga (Sirosiphon) 
surrounded by hyphie. Collcma is gelatinous 
(Fig. 98) ; it grows on moist earth and on rocks. 

10. The Udilatjima: art*, parasitic in the pio. m. a gwlaUnous i^ichen, 

tissues of th(^ higher plants. They have puipo$utn, slightly magni- 

. flod (after Sachs). 

^jKires of one kind only, which ani fomed 

by division of th(5 hypliae, and which are usually of a black colour. 
Tliose sporcnS o(;(iur in great numbers in those parts of the host, 
usually the reprmluctive organs, wliich are permeated by the myticdiuin. 
Several species infest our Cereals, and tlie seeds bee-ome filhid with 
spores. These spores germinate at the same time as tin*- sound seeds, 
and the niycelinm penetrate^s the young ]»lant8 and extends intt) tlie 
flowers, when* a fresh formation of Hp<»n^8 takes place. 

The most important and the most common species are Uatilago Carbo^ 
which espn^ially attacks Oats, but other Cereals and Grasses as well : (7. 
MaidiSt which produces large tumours in the Maize, filled w'ith spores ; U. 
occuliOy which fructifies in the leaves and haulms of the Rye : TilleiUi caries the 
smut of Wheat ; this is dangerous because the gruir>s filled with 8{K>res remain 
closed and are therefore harvested with the sound <)ne8. Many other species and 
genera infest wild plants. 



11. The Urrdinem or RttMs are also pamsites : their mycelium 
inhabits the cells of various kinds of plants and usually bears several 
kinds of reproductive cells. In most of them, snjall fructifications, 
termed mcidia, are borne by the mycelium, formed probably in 
consequence of the fertilisation of female organs by spennatia (Fig. 
99 /. a and A), They project from the surface of the inflated plant 
as smaU cups ; the interior is covered towards the base by a layer of 
basidia on each of which there is a row of spores, generally of a re<l 
colour, which have been formed by abstriction : the investment of the 
Iractification is formed by the peripheral rows of spores, which are 

9 
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sterile and whlcli have become coherent. Besides these lecidia, and 
generally associated with them, are found spermogonia (Fig, 99 / sp) in 



^ Fio. 99.— PKCCinia graminU. L TransTffirse section of a leaf of Berberis, with secidia (a) ; 
p, the wall of the saoidia ; it, lower ; o, upper surface of the leaf which has become thickened 
at u y in consequence of the presence of the parasite ; on the upper surface are spermogonia 
(xp). A. A young ncidium which has not yet burst. 11. Layer of teleutospores (0 on the 
loaf of Triticum rtpem; e, its epidermis. III. Part of a layer of luredospores on the same 
plant ; itr, the uredospores ; t, a teleutospore (after Saobs> 

which tlie spermatia are developed ; in addition to these — but generally 
at a diiferent season of the year — two other forms of reproductive 
culls occur, which are abstricted from their basidia singly and not in 
rows, and the basidia bearing them do not form a definite hymenial 
laym, but irr^lar groups, which break through the epidermis of the 
host Thw cells are, firstly, the uredoeporea or “summer-spores” 
(formerly regarded as a distinct genus and 'called Uredo Fig. 90 
HI ur) ; they are always one-oelled, usually of a red colour, and 



OBOUP L — THALLOPEYTA. 


m 

they germinate without any period of quiescence, by the protrusion 
of an ordinary mycelial hypha : by means of these the parasite is 
conveyed to other individuals on which in a few days it produces 
fresh spores. Secondly, there are tdeutospores or “ winter-spores,” 
which are mostly black and often many-celled (Fig. 99 III t and II)\ 
they are formed in many species only in the autumn, and persist 
during the winter, germinating subsequently in a peculiar manner. 
The hypha produced from the spore, the promyceliimi^ divides into 
four cells, from each of which a minute cell, called a sjwridiunif is 
abstricted, which finds its way to a host. These various forms of 
spores usually alternate ; thus the mycelium developed from the 
secidio-spores produces uredosporos, and the mycelium that proceeds 
from these (often after a few uredospore-l^earing generations liave 
intervened) produces telcutospores ; from these 8i)oridia are developed, 
which, when they germinate, give rise to a mycelium ]>roducing 
cecidia. In many species heterceclmi takes place, that is, that this 
variety of form of the reproductive cells is connected with a change of 
hosts. All si>ecie8, however, have not so great a variety of spore-forms. 
Some Uredine® are known in which mciiliospores produce ©cidia, and 
the same is true of teleutospores. In other cases there are grounds for 
assuming that their life-history is at present but imi)orfectly known. 
They fall, into the following natural subdivisions : 

1. Pucciniecc, The teleutospores are one or more-celled on solitary free stalks , 
sccidia and uredospores are also commonly found. To the genus Puccinia, with 
a two-celled teleutosporo, belongs Pxuxxnia yraminis (Fig. 99), the Rust of Wheat ; 
the uredospores (formerly called Uredo lintarU) form red streaks on the leaves 
and haulms of cereals and grasses ; in the autumn, the teleutospores appear in 
similar streaks, but they are black ; these gf^^miiriate in the following spring 
exclusively on the leaves of Berberis where the fficidia ap[)ear in red swollen 
patches (formerly known as uScidium Berheridis) ; tbo <ecidios))ore8 are conveyed 
to Grasses and there give rise to a mycelium with uredospores, the Rust. The 
same processes take place in P. Btraminia^ the anddia of which are formed on 
Borages ; and P. coronata^ the sreidia of which are formed on Rhamnus. These 
three forms of Rust cannot grow on Grasses unless their aecidia have been pre- 
viously produced iu the spring ; hence their appearance de^Minds on the presence 
of plants which are suitable for the development of the lecidia. Of P, Malm- 
uarum^ only the teleutospores are known ; they are constantly reproduced from 
the mycelium w'hich they form, so that no alternation occurs. P. CompoaUarum 
has different kinds of spores, all produced on the same species of plant 
Uromyces differs from Puccinia only in having one-celled teleutospores ; U. Betm is 
the Rust which grows on the Beetroot ; to this genus the secidium may probably 
be referred which is formed, in the leaves of Euphorbia CypariasUia (probably to 
IJ, Piai, the rust of the Papilionaces, or to 27. aetUelkUua, that of the Enpbor- 
Ide), and causes a conspicuoiis enlargement of tlwiiu The scidiam-myceliniii 
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if perennial in the rhizome of the Sparge. Phragmidium, with manj-celled 
teleutoepores, if common on the leaves of the Boee, Blackberry, and others. 

11. OymTwsporaihgiecE. The telentospores are two-celled, on stalks which are 
united into a gelatinous mass ; the mycelium which bears them is perennial in 
the branches of some Coniferse, particularly the species of .juniper ; teleutospores 
are formed in the spring and germinate on the leaves of Pomacete, on which the 
large eecidia, which open in a peculiar manner, are found in summer. Oymno^ 
sporangium fuscum occurs on Juniperus Sabina, the aecidia (known as Roeatdia 
cancellataj on the leaves of Pears : O. clavariae/orme on Juniperus communis, 
the eecidia fBoestelia lacerata and penidllata) on the leaves of Apples and Haw- 
thorns: O. eonicum on J. communis, and the aecidia (R. comuta) on the 
Mountain Ash. 

III. Mclampioreac. The teleutospores are many-celled, and are united together 
into a firm palisade-like layer; the aecidia are for the most part unknown, but 
the uredospores of many forms have been found. Melampsora has black layers 
of teleutospores ; M. salicina, populini, Lini attack the plants whose names they 
bear. Calyptospora Oopperiiana occasioi^ conspicuous swellings on the stems of 
Vacdnium Vitis idoea. Chrysomyxa Abietis, with gold-coloured teleutospores, 
appears at the end of April on the second years' leaves of Spruces, and, as they ger- 
minate, they infect the young leaves. Coleosporium, likewise with gold-coloured 
teleutospores, grows on many herbaceous plants. Mcidium Pini forms a peren- 
nial mycelium in the loaves and bark of Pine-trees, and bears in the spring its 
(ecidia, which have a white investment ; it belongs to Coleosporum Senedonis, a 
common species, which bears uredospores in the summer and teleutospores in the 
autumn, on Senedo sylvaticus. The innoculation of Pines can only be effected by 
means of the teleutospores formed on Senecio. 

IV. The Eukdophyllcce bear only lecidia which reproduce themselves without the 
intervention of any other form of spore. Endophyllum Scmpcrvivi grows on the 
leaves of the House-leek. 

V. Impcrfectly’knoum JEddia which do not directly reproduce themselves and 
must therefore possess teleutospores : the relations of these are not as yet known . 
To these belong jEddium daiinum, which inhabits the cortex of the Silver Fir, 
and causes large crab-like excrescences, as well as the monstrous growth of twigs, 
known as “ Witchos-brooms,” on the leaves of which the aecidia appear. jEc. 
AUetinum occurs on the leaves of the Spruce in mountainous districts. jEc. strohU 
linum, on the scales of Spruce-cones. Caecoma is alsU regarded as an secidium ; 
the hymenial layer is not inclosed by any investment. C. pinitorquum grows on 
the branches of young Pines, often on one side only, so that they become bent. 

12. Baddiomycetea, To this group belong most of the larger Fungi 
commonly known as Mushrooms and Toadstools. The mycelium 
consists of delicate white strands of hyphsB which pervade the sub- 
stratum upon which it grows, and the part which is usually recognised 
as the Fungus is the fructification, that is, the organ which produces 
the spores. It was formerly thought that this fructification was 
formed, as in the Ascomycetes, as the result of a process of fertilisa- 
tion, talking place, in the. mycelium ; but most careful investigation has. 
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foiled to detect any trace of a sexual process; the fructification is simply 
formed by the outgrowth of certain parts of the mycelium. In view 
of the high organisation 

of these Fungi, it may QBiaiHit' « \ * I 

be reasonably assumed ^ 

that sexuality has here 
gradually disappeared. 

The spores are formed 
in or upon the fructifi- 
cation on cells termed 
haddia^ which together 
form the hymen ium ; the 
basidium (Fig. 100 C) 
usually bears at its sum- 
mit four small, slender 
processes, sterigmaia^ 
from each of which a 
spore is abstricted. 

( a. jThe Tremellinaat^ 
or gelatinous Fungi, 
have basidia resembling 
in form the promyce- 
lium of the Uredineae. 

The fructificiition is soft 
and mucilaginous ; its 
surface is covered by 
the hymenium which, 
at the time of the forma- 
tion of the spores, looks m.^AgaHeu* mmji€Mru. A, Taugontial Motion of 

as though powdered the pileus, ehowiug the UmeUtt. 1. B. A similar section of 
with whiU^ dust ^ lamella more highly muguifiod ; Ay, tho hymenium ; t, tbo 

central tissue called the Tnuna. C. A portiuu of the somu 
Tremella mesetUerica •option more highly msgniaod (650) ; q, young buldia and 
with iitogttlarly furrowed the (Itrt fur».tlou of .pore, on . l«wldiun. : 



more advanced stages; at the spores have fallen off 
(after SaebsX 


fractification ; Ezidia 
Auricula Judac^ a spoogy 
Fungus growing on the Elder with a brownish fructification somewhat resembling 
the shell of an ear, and otheia, are not rare on rotten wood. 


(h,) Hymenomycetee, The structure of the basidia is similar to that 
above described ; the fructification bears the hymenium on its upper 
surface which is very various in form ; the very numerous forms are 
aocordinjgly subdivided into : 
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TheUphtyrecB ; the surface bearing the hymenium is extended orer the 
sabstratum as a crust, or else forms the smooth under sur&ce of a hat-shaped Aiio- 
tiBcation. The simplest form is I^cobaMditim Vaccinii nrhich is parasitic on the 
leaves of the Red Whortleberry and very commonly covers them with a whitish 
crust. Oorticium fonns crusts on the barh of trees : Stereum has a hat-shaped 
fructification which, when seen from above, bears some resemblance to various 
species of Polyporus but it has a smooth hymenial surface ; it is common on 
trunks of trees, palings, Ac. 

2. Clavariece, The hymenium clothes the smooth surface of the fructification 
which is cylindrical, or club-shaped and often branched. The genus Clavaria 
has many species ; C. fiava has a sulphur-yellow coral-like fructification which is 
edible (Fig. 101 A), 



Fia 101.— Brandi d Clavaritt Jtuwt (nat. BiaeX JB. Fructification of ffydnuvi mOrtca* 
turn; M, pricklea : «, scales of the uppw surface {\ nat. sise). C. Longitudinal section 
through the fructification of a Polyporus ; p, the tubes clothed with the hymenium ; the 
tubes show on the under surface as pores nat. sise). 

8. Hydnecs. The hymenium covers prickly projections of the fructification 
which is either a crust, or is hat-shaped, and is either attached laterally or stalked. 
ffydnum imhricatum is eatable : other species have a fleshy pilens with a centra) 
stipe (Fig. 101 J5). 

4. Pdtyporem, The hymenium clothes the inner surface of tubes, which are 
either free or more often connected into a layer which covers a portion of the 
fructification. The fructification of Polyporus and Trametes is generally attached 
laterally and often of a horsc'shoe shape (Fig. 101 C). P. fonuntarius is used in 
the preparation of what is known in England as German tinder ; P. officinalis is 
used in medicine as Fungus Laricis j the mycelium of Trametes Pini attacks the 
heart-wood <A Pines and makes them decay ; T radieiferda occurs in the roots 
and lower part of the trunk of Spruces and Fines, causing their destruction. 
Daedalea occurs on did oaks ; its tubes anastomose and form a labyrinth. The 
myedium of Merulius kterimans penetrates the timbers of houses and eauaes 
them to decay (Diy Rot). Boletus has a fleshy stalked pileus from which the 
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hymeniftl kyer may be easily separated. BoUtua adults and scader are edible ; 
B. Saianas and others are poisonona. 

5. Agaricincs, The l^rnieninm clothes special lamelliform outgrowths of the 
fructification which commonly assiimes the form of a stalked or sessile pileus. 
The stalked forms are either naked from the first, or they are enclosed at an early 
stage in an investment which remains after the full development of the fhictifica- 
tion as an appendage of one form or another. An investment which at first 
surrounds the whole pileus and stipe, and, at maturity, surrounds the base of 


the stipe like a sheath, as 
in Amanita, is called a velum 
universale (Fig. 102 A Bv)\ 
while a velum partiale only 
covers the under surface of 
the pileus where the la- 
mellae are borne, and when 
this is fully developed, it is 
represented only by frag- 
ments hanging from the 
margin or forming a ring 
round the stipe (Fig. 102 
C a), e.g., Agaricus eam^ 
pestris and procerus : in the 
Fly-toadstool, Amanita, mus- 
cariuSf both kinds of velum 
are present together. Be- 
sides these conspicuous 
characters, the colour of the 
spores is also of importance 



Pio. 102. — A Early ntago In tho development of the fruc l- 
fication of Agaricus vaginatui; v tho velum unlvorwile ; at 
tho stipe ; h the pilous ; I the himollaa. B A somewhat later 
stage ; v the ruptured velum. C Agorkut mellcua; m the njyeo- 
Hum : o tho ring formed by tho velum partialo (i nat size). 


for distinguishing the species ; this is cosily discovered by laying the fructifi- 
cation on white or block paper, which becomes covered with tho spores whicli 
fall out very readily. 


The great genus Agaricus (the lamellated Fungi) has lately been subdivided into 
several genera. In Coprinus the fructification very soon undergoes disintegratiuii 
forming a black shiny fluid ; Lactarius contains milky juice (latex). In 
Cantharellus the lamella; are prolonged down tlie Htijw. Of edible sjMJcies the 
following may be named ; Cantharellusxibarwjt^ lAtctarius delidosus^ Agaricus 


campestris, the Mushroom, A. procerus, distingui.cihcd by a moveable ring, and 
A. Caesareus : the poisonous species are Lactarius torminoaus and Agaricus or 


Amanita muscarius. A, melleus has a peculiar mycelium, matted into strong 
shining black cords, formerly regarded as the genus Khizomorjiha, which lives in 
the bark of trees and kills young Conifers, particularly Spruces and Pines ; it gives 
off subterranean branches which attack the roots. 


The fructification of other species is of a hard leathery or woody consistency ; 
these live commonly on old wood ; such are Panua, with a small pileus mounted 
on an eccentric stipe ; Lenzites, where the pileus is lateral and sessile ; Marasmius 


the elegant pilei of which are often seen on the leaves of Conifers which have 
fallen -oft 


( e.) Gadromycetes, In these, as the name suggeste, the hymeniuni 
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is enclosed within the fructification} the internal lassue of which foimd 
numerous cavities or chambers, the dividing walls being known as the 
thxma; the hymenium clothes these cavities, being attached to the 
trama. When the fructification is ripe, great changes commonly take 
place in this internal tissue; the external wall {peridium) usually 
consists of two layers. This group is subdivided as follows according 
to the modifications undergone by the internal tissue and the character 
of the peridium : 

1. The HymenogaMreoe in which the chambers and hymenium are persistent ; 
these are trufflle-like underground Fungi. 

2. LyGoperdaceoe (Puff-balls) ; only a few strong threads of the internal trama 
remain, forming the capillitiumt with the isolated spores between them. In 
Lycoperdon the outer peridium scales off, the inner splits open at the top, and the 
spores escape as a cloud of dust In Geaster the outer peridium splits in a star- 
sliaped manner and rolls back ; the inner opens by a hole at the summit 

8. The Nidularieoe have a vase-shaped fructification within which the chambers 
become isolated, forming small hard bodies. Crucibulum and Cyathus are not 
rare on rotten wood. 

4. The Phalloideoe, The peridium consists of three layers, and after they are 
ruptured the whole internal tissue is elevated on a stalk and becomes an ilk 
smelling mucilaginous mass containing the spores. Phodlua impudicuB is 
poisonous and occurs among brushwood. 


GROUP 11. 

MUSCINEiE. 

In this group we find a sharply defined alternation of generations 
which, in certain points, agrees with that of the following group ; a 
sexual generation, that is one which produces sexual organs, alternates 
with an asexual generation which produces only spores. The germi- 
nating spore gives rise to the sexual generation^ (oophore), the Moss- 
plant, in some cases directly, but in most cases afteff the formation of 
a filamentous growth, the protoTiema, This generation is morphologically 
differentiated into members ; in the lower forms it is a thallus, but in the 
higher it consists of stem and leaves, and is capable of repeatedly deve- 
loping sexual organs. From each fertilised oosphere an individual of the 
asexual generation is developed, which co/itinues to be superficially 
connected with the original Moss-plant, and assumes the form of a 
stalked capsule, which is commonly known as the fruit of the Moss ; 
this body forms spores, without any ramification or repetition, and its 
vital activity ceases with the ripening of the spores (spoiopbore). 
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Since Mosses have a distinct stem and leaves, but no true roots nor 
vascular tissue, this group takes the lowest rank among the Conno- 
phytes. 

The male organs, as in all the higher 
Cryptogams, are called Antheridia^ the 
female, Archegonia, 

The antkeridia are spherical, ovate, or 
club-shaped bodies, with long or short stalks 
(Fig. 103 ) ; their external layer of cells 
forms a sack-like wall, wliilo in each of the 
internal cells, which are small and very 
numerous, an anthorozoid is developed. 

The wall ruptures at its apex when it is 
moistened, and the motlicr-cells of the 
antherozoids arc scit free ; they suhsiMiuontly 
discharge their contents. The antherozoids 
(Fig. 103 c) are spimlly-wound tilaments 
thickened posteriorly ; the anterior end 
is furnished with two delicate cilia by which 
they move in the water usually present in 
the capillary spaces between the hiaves of 
Mosses. 

The archegonia (Fig. 104) are flask-shaped 
bodies, dilated at the base and teniimating An anthcridium burHi- 

upwards in a long nock. An axial r<jw of ing;o,theanthororoid» (x3f>o\ 
cells 18 contained in each archegonium ; th.' t,,. 

lowest cell, which is the laigest, is the mothor-cell ; r, free anthero«oicU 
oosphere^ and the remainder are canal-cells . ioJytrtchum(x soox 
the latter are disintegrated shortly before fcHilisation so as to form a 
slimy mass ; the four u])pennost colls of the nock, the stigmatic cells 
(wi), separate, and the antherozoids pass through the opening into the 
canal and reach the oosphere, which becomes enclosed in a membrano 
after fertilisation. 

The sexual organs are often solitary, but are also fre(iuently collected 
into groups which sometimes consist exclusively of archegonia or 
of antheridia, but sometimes of both. These groups, known some- 
times as Moss-flowers, are occasionally surrounded by special invest- 
ments, the perichoetium and the perigyniumf consisting of modifled 
leaves. The hair-like organs which occur at the insertion of the 
sexual organs in these so-called flowers are the paraphyse». The 
second or spore forming generation (sporophore), the aparogomum, la 
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immediately developed from the fertilised oosphere. The base of the 
sporogonium penetrates more or less into the tissue of the Moss<plant 
and is even nourished by it, but the cells of the two generations are 
not in organic connection with each other. The wall of the arche- 
gonium, within which the development of the oospore into the 
sjforogonium proceeds, continues to grow for some time, and surrounds 
the young sporogonium, when it is called the calyptra (Fig. 105 c h). 
At a later stage it is ruptured in different ways according to the family 
to which the plant belongs, and the remains cling to the base or to the 
apex of the sporogonium. 


m%] 






Pio. 104.— Funnrta hygrometrica. A, 

Longitudinal aection of the aummit of IWi, — Funaria 

a weak female plant (x 100) ; a, arohe> the sporogonium fffj 
gonia ; b, leaves. B. An archegonium of the archegonium (I 
(x 000); 0, ventral portion with the IHflerent furthe 

central oeU : h, neok ; m, mouth still the sporogonium f/J i 
closed ; the cells of the axial row are be> neck of the archagont 
ginning to be converted into mucilage. 

C. The part near the mouth of the neck 

«f a fertUised arohegoaium with dark red ceU-waUa (after Sachg)^ 


Fid. 100.— Fanarta hygrometrica. A. Origin of 
the sporogonium (ff) in the ventral pcntion (b bj 
of the anhegonium (longitudinal secticn x OOOX 
B. C. IHflerent further stages of development of 
the sporogonium ffj and of the calyptra fej ; h, 
neck of the arch^^mium (x about 4^ 
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The sporogonium assumes, sooner or later, the form of a capsule 
with a more or less elongated stalk (seta). Certain layers of tissue 
within the capsule give rise to the spores, by division of their cells into 
four. In the true Mosses and the Anthocerotese, a central mass of tissue 
is left which does not give rise to spores, and is called the columella. 
On the other hand, in many of the Liverworts, some cells of the 
spore>forming tissue do not give rise to spores, but form tlie elaterSf 
which are cells usually having a spiral thickening on their inner surface. 
The spores are in many cases set free by the decay of the wall of the 
capsule, but in general the capsule splits open, either in segments from 
the apex to the base, or irregularly, or tlie upper part of the capsule 
comes ofF like a lid ( operculum ) ; in most of the true Mosses there is 
an operculum which, from the first, is differently constructed to the 
rest of the capsule. 

The spores are spherical or tetrahedral ; their cell-wall consists — as 
also in the following groups — of two layers ; an outer and tougher 
one, the exoepore and an inner and more delicate one the mdoepore. 
On germination, the outer layer splits open and the cell, surrounded 



Fio. 106.*— Fainario hygnmietrica. A. Germinating aporea ; w, root-hafr ; exeapore, 
B. Part of a developed protonema, abowt three weeka after germinating ; A, a procumbent 
primary shoot with brown wall and oblique septa, out of which arise the ascending branches 
with limited growth. JT. Rudiment of a leaf-bearing axis with root-hair (w). (A X 600. 
B about 90X 

by the endospore, grows and divides, a process which in most cases 
leads to the formation of the protonema, which is either a network 
composed of filaments of cells containing chlorophyD, or else a flat, 
green, cellular body. The rows of cells forming the protonema are 
lateral appendages, which are either limited (Fig. 106 B b) or unlimited 


140 ^ART IV.— THE OLA88IPIOATION OF PLANTS. 

(Fig. 106 B h) in their growth ; it is thus the simplest form of the 
Moss-plant. This is most conspicuous in the cases where it passes 
directly at its apex into a Mo^plant. More frequently this transition 
takes place by means of lateral buds (Fig. 106 B K) which arise at 
the base of a limited lateral branch. 

The branching of Mosses is never axillary; the lateral shoots 
usually arise by the side of or below the leaves. 

Many of the Mosses have organs for vegetative propagation, 
commonly known as bulbils or gemirm, and besides these special 
organs they are in the highest degree capable of vegetative multiplica- 
tion by simple branching and innovation ; indeed the forms which are 
of most frequent and extensive occurrence, e.g., Hylocomium triquet- 
rum^ increase chiefly by these methods and rarely produce capsules. 

The group is naturally divided into two classes which are dis- 
tinguished principally by the following characters. 

Class III. HepaticxBy ( Liverworts ), The capsules never open by the 
separation of a special operculum ; they are either four or two-valved, 
or they open irregularly by the rupture of the upper portion, or they 
do not open at all In most of the orders elaters are found among the 
spores ; a columella is present only in the Anthrocerotese ; the spores 
ripen whilst the capsule is still enclosed in the calyptra. The 
calyptra clings, after its rupture, to the base of the capsule. The 
plant of the first generation is a thallus, or a stem furnished with 
leaves, the leaves being formed of only a single layer of cells; the stem 
is always bilateral ; the root hairs are unicellular. 

Class IV. Musci, ( True Mosses ). The capsule usuaUy opens by a 
distinct operculum ; elaters are never present, but the columella 
always, at least in the early stages. The calyptra is usually ruptured 
by the capsule long before the spores are ripe, and is elevated upon it 
The plant of the first generation is a stem furnished with leaves which 
not unfroquently have a midrib of several layers of cells ; the stem is 
not usually bilateral ; the root-hairs are multicellular. 


Class IIL— HEPATICAE, (LIVERWORTS). 

The eaptnde usuaUy splits into four valves; elaters with spiral 
thickening are almost always present^ hut there is usually no columella; 
ihe calyptra remains attached at the base of the capsule. 
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The plant of the first generation, in some of the forms belonging 
to this class, is actually a leafless thallus ; in others it is a thalloid 
stem, furnished with small soale-like leaves ; others again liave a stem 
bearing green leaves. The two first are said to be frondosBy the last 
foliose, ^ The frondose species cling closely to the surface on which 
they grow, and are consequently bilateral, the two sides or surfaces 
differing considerably ; the cells of the upper surface contain much 
chlorophyll and are generally protected by a distinct epidermis, those 
of the under surface contain but little chlorophyll and alone give 
rise to root-hairs. The foliose forms also frequently creep over the 
substratum and exhibit various fonns and arrangements of their 
leaves correiiponding to their mode of life. In correlation with the 
bilateral structure whicli obtains throughout the whole class, the 
leaves are of two kinds • inferior leaves^ which are inserted upon the 
side of the stem which is in contact with the substratum, and which 
are imjmrfectly developed ; these are the only leaves borne by the 
frondose Liverworts which have any : in addition to these loaves 
(called in the foliose forms amphigostria) the foliose Liverworts have 
two rows of lateral leavesy which are inserted upon each side of the 
upper surface of the stem. 

This class includes four orders. 


Order 1. Ricci e^.. 

The archegonia and antheridia stand isolated on the upper side of 
the thalloid stem. The capsule is spherical, usually sessile ; it contains 
no olaters, and does not rupture. 

JlicHa fluitans has a beautiful dichotomoufily branched stem, and K. natam a 
broad lobed stem ; they occur occasionally in water ; It glanca and otlmr 8[)oci«!S 
occur on fields. 


Order 2. ANTHOCEROTEiE. 

The thallus, which contains much chlorophyll 
and is irregularly branched, creeps on the ground. 
The archegonia are imbedded in the upper sur- 
face. The capsule is long and thin, like a pod ; it 
splits open from above into two long valves ; it 
contains a columella and elaters which have no 
spiral bands. 



Fio. 107 . — Anthoftnon 
laevis (uai sijso). JT. The 
capsiilefi, Bome as jot un- 
opened. 


AtUkoemfi laevis (Fig. 107) and pundatm are found on loamy and sandy fields 
and woodland clearings ; they are not common, but where they occur they grow 
in considerable quantity. 
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Order 3. Mabohanti]bj& . 

The archegonia and antheridia are usually collected respectively 
into groups on special upright, umbrella or hat-shaped branches, the 
receptacles, (Fig. 108 A hu) of the thalloid stem : the stem bears on 

A 


Fio. 108. —Portion of a stem of Sfarekantia polymorphia (0> with the upright male recep- 
tacle (bearing antheridia). B. Portion of a stem with a receptaple containing geminse : 
V V, apices of the two branches (after Sachs). 

its upper surface numerous large stomata, and on its lower surface, two 
rows of sftaly inferior leaves and a number of root-hairs. The capsule 
contains elaters and opens irregularly, or by four valves, or by the 
removal of its upper part. 

Marchantia poIymorpJia, which is very common on paths, on walls and in 
peat-cuttings, has a thick, creeping, dichotomously-branched stem. The 
antheridia are borne on the upper side of umbrella-shaped branches (Fig. 108 
A hu) and the archegonia on the underside of similar radiated receptacles. 
Besides these the stem produces from its ^per surface cup-shaped vessels 
containing gemmm (Fig. 108 B), FegcUclJa conica is similarly provided with a 
conical receptacle ; in BebouUa kcmisphaerica it is semi-globular ; these plants 
occur on rocks and damp walls particularly in mountainous neighbourhoods. 

Order 4. JUNQERMANNlEiB. 

The capsule splits into four valves from the apex downwards. 
Elaters are present. 

( a,) Anacrogynce. The archegonia are not borne at the apex of the 
thallus or stem, but on its upper surface ; they are surrounded by an 
involucre formed by the stem or th^us : they are usually frondose. 

Meizgeria Jureata has a narrow dichotomously-branched thallus consisting of a 
single layer of cells, which is traversed by a midrib consisting of many layers ; it 
grows very commonly on tree-trunks, but it rarely fructifies. Pellia ^iphylla 
has a broad thallas, consisting of several layers of cells : it is not uncommon by 
springs, on damp rocks, Ac. Aneura pmguis and other species occur in similar 
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localities. Blasia putUla, has a, thalloid stem, it grows on damp fields and hj 


ditches. 

(b,) Acrogynce, The archegonia are situated 
at the apex of the stem or of certain branches 
of it, and are surrounded by a perianth, that 
is, by leaves or part of l^ves which form an 
investment. The stem does not usually bear 
inferior leaves, but always two rows of lateral 
leaves; these leaves are either bidentatc at 
the apex, or bipartite, and sometimes (Frul- 
lania, Eadula) are completely divided into two 
lobes. The insertion of the lateral leaves is 
at first transverse to the long axis of the stem, 
but it becomes modified by the unequal growth 
of the stem, so that the leaves come to bo 
situated either on the lower (folia mccuha) 
(Fig. 109), or on the upper (folia incuba) 
surface of the stem. 



Fio. 100.— Stem of Plngin- 
chila atplniioitlfa. u. A ripe o»|>' 
sulc ; b, ono that baa optt»ed ; 
p, PuriaiUb. 


Jungennannia Ucuspidata and many other species are common on damp soil 
and on the tranks of trees. Plagiochila asplmimdca (Fig. 109) is not nncommoii 
in mountain woods. Eadula complanata has a small stem, densely covered with 
leaves, which creeps over tree-trunks and boughs ; it is very common. Frullania 
dilatata and Tamarisch with small and elegantly-branched stems of a brownish 
or purple colour, also grow on trunks of trees, or on the earth, in damp, shady 
places. 


Class IY.— MUSCI. (TRUK MOSSES.) 

The capsule usually opens by the revioiiaJ nf a distinct operculum. 
Elaters are never present, the columella always. The calyptra is 
usually carried up by the capsule. 

The Moss-plant always consists of a stemfurnished with leaves which 
are all of the same kind ; its branches creep on the earth or else on trees, 
or they form dense plots. Bilateral structure docs not very often occur. 

The Class may be divided into four Orders : 

Order 1. SPHAOKACBiE (Bog-Mosses). 

The spherical capsule contains a hemispherical columella, and opens 
by the removal of the upper portion of its wall ; the calyptra remains 
attached to the base. 
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The only genus Sphagnum (Fig. 110) includes a number of species 
which all live in damp woods, and more particularly on moors, 
forming extensive soft plots. The branches, 
which are densely covered with leaves, envelope 
the main stem : the leaves, as well as the 
cortex of the stem contain large cells filled 
with water, the walls of which are perforated ; 
b}’ capillary attraction water is conveyed 
through these open cells to the topmost point 
of the plant. The lower portions of the 
quickly growing stems die off and form peat. 
The shortly-stalked capsule (Fig. 110 K) is 
raised by the elongation of the stem which bears 
the archegonium ; this much resembles the stalk 
of the capsule (seta) in the true Mosses, but 
it is not of the same nature ; it is called the 
paeudopodium. 

Order 2. ANDRBJiACEiB. 



Pio. 110. — Stem of 
Sphagnum aevtiifolium{ua.t. 
Blue), k. Capeuleg. 


The columella is columnar in form, free at the top. The capsule 
splits into four valves which remain connected at the base and apex. 
The calyptra is raised up as a cap upon the capsule. 



The genus Audreeea (111 &) lives on rocks among 
the Alps and other high mountains. The elongated 
and branched stems are closely covered with leaves. 

Order 3. PnASCACEiB. 


Andrtmt nivaiig, with rsj mella, in this order and in the following, is con- 
cap8uie(iiat si*e> nected with the wall of the capsule above and 

below. The spores in Archidium are formed from one of the cells of 
the columella : the calyptra remains at the base of the sporogonium. 


Phaacum ctispidcUum, Ephsmenm mrraXum (Fig, 111 a) and Arekidium 
phaacoidea are minute Mosses a few milliinetres in height, growing in fields and 
ripening their capsules in the spring. 


Order 4. BRTiNiB. 

' The columella is connected with the capsule both at the top and at 
the bottom ; it is immediately surrounded by the spore-forming tissue 
(Fig. 112 a) ; between this and the wall of the capsule there is a laige 
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cavity filled with air (Fig, 112 At) traversed by filaments of colls 
containing chloropbylL The capsule opens by the throwing olf of an 



Pio. Ill— Fttiuirid hygromeirica. A. A young leafy plant {g), with the calyptra (r). B. A 
plant ig) with the nearly ripe aiwrogonlum ; «, Ita aeta ; /, the ca)Miulo ; r, the calyptra. C. 
lA>ngitudiiial section of the capsule bisecting It symmetrically ; d, operculum; a, annulus; 
p, peristoiao ; c <*, columellu : h, air-cavlty ; «, the primary mother-cells of the spores. 

operculum, which is from the first constructed differently to the rest 
of the capsule. Certain layers of cells of the internal tissue of this 
ojierculum remain in connection with the walls of the capsule and 
constitute the peristome which has a characteristic form in each 
different genus. In Tetraphis it consists of four hard teotli for whicli 
the whole of the internal tissue of the operculum is utilised ; in most 
genera there are 8, 16, 32, or even 64 teeth, formetl by the thickened 
cell- walls, which are frequently arranged in two rows, one within the 
other (Fig. 113), and which originate from two different layers of cells. 
In only a few genera, o.g., Gymnostomum, are they wholly wanting. 
The caly})tra is elevated by the growth of the capsule and covers its 
a|>ex like a cap ; the cajwule is generally elongated. 

The leaves, which consist of a single layer of cells, are traversed by 
a many-layered midrib in many species. 

Some of the genera >>6ar the female flowers and, consequently, at a 
later stage the capsules also, on the ap(3X of the main stems ; othc^rs 
bear them on short lateral branches ; although this difference of 
position cannot be regarded as an important systematic distinction it 
may serve as an indication of allied forms. Thus the Bryinee may be 
divided into : 

(a.) Acrocarpiy bearing the archegonia at the apex of the stem ; the 

10 
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capsules^ however, often appear as if they had been home upon lateral 
shoots, for lateral shoots develops later and displace the main stem to 
one side. 



Pig. 114. —Two Btems of Po/.y- 
trichum foroioium (nat, aleo). k, 
the oapBole ; s, the seta ; c, 
oalyptra. 


Dieranum acoparium, with sickle>shaped leaves, 
is common in woods. Leucobrytm glatuswn has 
leaves consisting of several layers of cells, which 
resemble those of Sphagnum in their structure, 
it occurs in Pine-woods and on moors. CercUodon 
purpureua with a red seta and a short stem, is 
very common in various localities. Barhula 
inuralia grows in patches on walls and rocks ; 
the median nerve of the leaves is prolonged into 
a hair so that the patches of Moss look greyish. 
Tdraphia pelludda has bright green leaves ; it 
grows on decayed trec-trunks, and bears gemmas 
of peculiar form. Orimmia pulvinata occurs in 
round greyish-green patches ; the capsules have 
very short setae. Orthotrichum apeciosum and other 
species have also shortly-stalked capsules and are 
common on trees. Fu/mria hygrometrica (Fig. 112) 
has an oblique, pear-shaped capsule ; the long 
setae have the pecrJiarity of contracting into a 
spiral on being wetted and dried ; it is common 
on walls and paths. Polytrichum formosum 
(Fig. 114) and other species are the largest of 
our indigenous acrocarpous Mosses ; they have 
large dark green leaves and long hairy calyptrse 
and are common in woods and on heaths. 

(h,) Plmrocaiyi, The archegonia, and 
subsequently the capsules, are borne on 
special lateral branches. 


FotUinalia antipyretica floats in water. Neckera oriapa^ with flat outspreading 
leaves, grows on rocks. Thuidium oMetinum and other species grow in woods ; 
they have regular pinnately branched stems, and very small, closely-set leaves. 
Laucodon aciuroidca is very common on tree trunks. Brachythedum rutahulum 
is common in woods. Eurhyuvchium praslotigum^ with long creeping stems, 
occurs in woods and damp gardens. Hypnum cupreaaiforme, is very common on 
tree-trunks, and AT. euapidatum and giganieum in bogs and ditches. Bylo- 
coniium triquetrum is very commonly used for garlands ; this and H, apUndenSj 
with remarkably regular ramification, are both common in woods. 
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GROUP III, 

THE VASCULAR CRYPTOGAMS. 

In this group also an alternation of a sexual with an asexual genera- 
tion occurs ; but the relations between the two are exactly the reyerso 
of those existing among the Mosses. In this group the plant which 
springs from the spore and produces the sexual organs (oophore), is 
small and short-lived, perishing after fertilisation has taken place ; it 
is called the protJuilUum, The plant which grows from the fertilised 
oosphere (sporophore) is furnished with a distinct stem and leaves, and 
and it has closed fibro vascular bundles and true roots ; it c-oinmonly 
persists for several years and produces spores in regular succession, 
besides possessing various me^ans of vegetative multiplication. Tht^se 
morphological and anatomical characteristics bring this group of plants 
into the province of the Vascular Plants, Some of the orders which 
occupy the highest place among the Cryptogams, exhibit in certain 
features a resemblance to the Gymnospcmis among the Phanerogams ; 
there is thus a gradual transition from the Cryptogams to the 
Phanerogams. 


The Prothallium (Fig. 115) is, in most of the orders, a thallus 
which grows from a sjwre which it greatly exceeds in size, producing, 



Fio. 116. — Antberidium of Adiantum 660)i p. Prothallium : a, antbori- 

dium ; t, antberofoid : 6, the Teeide oontainl^ ttarch-grain 


besides root>hairs, antheridia and archegonia on certain parts. (Fig^ 
}15 an and ar). 
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The avih&ridia (Fig. 116) either project from the surface as masses 
of tissue, which are hemispherical or somewhat cylindrical in form, 
or they are sunk in the tissue of tlie prothallium. They consist of a 
wall, composed of a single layer of cells, and of the mother-cells of 
the antherozoids : the antherozoid is a spirally wound filament bearing 
a number of cilia at its anterior end. (Fig. 116 s.) 



Fio. 118.— Oermlnating macrospore of Sdaginella Marteiuh. The portion of the tissue 
which lies above the dark outline (d) is the prothallium ; a is an tmfertilised archegonium ; 
r e', embryos in two that have been fertilised. The cavity of the spore is filled with 
endosperm (after Sachs). 

The archegonia (Fig. 117) are in general constructed like those of 
the Mosses ; that is to say, they consist of a ventral portion, which is 
imbedded in the surrounding tissue and is coherent with it, and of a 
short neck through which two canal-cells, which subsequently undergo 
disint^ration, extend to the oosphere. 

However, the prothallia of some orders, such as the Rhizocarpese, 
Selaginelleae, and Isoetese, differ widely from this in their structure. 
These plants, namely, produce two kinds of spores, large spores called 
macrosporea^ and much smaller ones, microsporea, and they are 
termed h^eterosjjorous on this account, in contrast to the iaosporotis 
orders in which tlie spores are all of one kind. 

The maerosjpore produces a female prothallium (Fig. 118) which is 
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developed in the spore itself, and only a small portion of it is exposed 
at the apex. On this exposed portion it bears one, or a small number 
of archegonia. (Fig. 118 a.) 

The niicrospore produces a merely rudimentary male prothallium, for 
the antherozoids are developed from it directly, or at any rate after 
it has undergone only a few divisions. 

The embryo developed from the fertilised oosphere, grows directly 
into a plant which subsequently produces spores. 

The spores are formed in not very large numbers in the sporayigia 
by the division into four of the internal colls ; and when two kinds of 
spores are present they are produced in distinct sporangia — macro and 
microsporangia. The sporangia are small in proportion to tlu^ whole . 
plant and are developed either from single cells of the t‘pidermis of the 
leaf, or from groups of cells, the external cells of tmeh group forming 
the wall of the sporangium, the internal, the mother-cells of the 
spores. It is almost always evident that the sponingia are produced 
from the leaves ; it is only in a few instances that they originate in the 
axils of the leaves and apptiar to be fonned from the stem. 

The group of Vascular Cryptogams is divided as follows : 

Class V. Filiclnoi, The leaves are well developed in proportion to 
the stem and bear the sporangia (whicli usually originate 
from a single cell) almost always collected into sori on 
their margins or on their inhjrior surfaces ; the fertile 
leaves are not confined to any particular region or 
brancli of tlie stem. 

(a,) Isosporous. 

Order 1. Filices, 

(h.) Heterosporous. 

Order 2. Rhizocar]>ea\ 

Class VI. Equisetinai. The leaves an* small in proportion to the 
stem ; they are arranged in whorls and those of the 
barren whorls grow together into a sheath. The fertile 
leaves are arranged in num(?rous closely-set whorls 
fonuing a spike at the apex of the stem; they an3 
peltate and bear the sporangia on their under surfaces. 
The sporangia originate from groups of cells. They 
are isosporous. 

Class VII. Lycopodince, The leaves are for the most part small 
and feebly developed ; the fertile leaves are frequently 
collected on a distinct portion of the stem. The 
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sporangia, which are developed from groups of cells, are 
almost always solitary in the axils of the leaves or close 
to the base of the leaves on its upper side. 

(a.) Isosporous. 

Order 1. Lycopodisa, 

(b,) Heterosporous. 

• Order 2. Sdagindlece, The stem, which grows 
greatly in length, bears numerous small leaves ; 
the sporangia are situated in the axils of the 
leaves, occasionally they are attached to some 
extent to the stem. 

Order 3. IsoMeos. The stem, which is short, bears 
long unbranched leaves ; the sporangia are 
situated on the upper side of the leaf. 


Class V.—FILICm^ 

The sporangia are usually collected into sori on the edges or under 
surf ami of the leaves. The fertile leaves are not confined to a special 
region of the stem. 

Order 1. Filices (Ferns). 




A ^ The 8}}ores are all alike, and produce 

a large and independefnt prothallium, 
i The prothallium is almost always deve- 

A loped on the surface of the soil, and con- 
chlorophyll (Figs. 115 and 119). It 
takes origin from the spore in the form of 
^ ^ a cellular filament which, at a later stage, 

’ generally becomes a broad surface divided 

^ anteriorly so as to be heart-shaped; it 
xtrJ; ? / consists of a single layer of cells, 

t excepting at that part which bears the 

^ archegonia. This region is situated at 

heart^haped pro- 

from below with young Pom thallium, behind the indentation (Fig. 115 
«»•)• The antheridia are produced partly 
K Toot-hairs of the prothaUium at the edge, and partly posteriorly among 
<abo«tx8)(aft«r8aeh«x TOOt-hairs (Fig. 116 an), and project 

as hemispherical masses of tissue. 

' The stem is for the most part a strong underground horizontal or 
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obHqae rhizome; tree-ferns with tall upright trunks occur only in 
the tropics. The internodes are sometimes elongated, so that the 
surface of the stem is visible between the leaves which are some 
distance apart, e.g., Pteris aquilina (the common Bracken) and PAc- 
gopteris ealcarea ; but they may be also very short, so that the leaves 
form a close crown at the apex of the stem, while the older portion is 
closely crowded with the remains of the loaves that have died off. The 
stems of the first kind usually branch very freely, the branches arising 
in the axils of the leaves, as in PJiegopteris e(ilcarea, or dorsally to them, 
as in Pteris aquilina : the more leafy stems, on the contrary, branch 
less. The leaves are sometimes arranged in two rows, particularly when 
the stem is elongated (e.g., Pteris aquilina) ; and this peculiarity is not 
unfrequently exhibited, that the two series of leaves approach each 
other on the dorsal surface of the stem, e.g., Pohjpadiumvuhjare ; but 
they are sometimes arranged in a spiral, with a considerable angle of 
divergence. The bhido of the leaf is usually much branched, and in 
its early growth it is curled spirally forward on itself into the shape 
of a crozier (circinate venation). The hairs are often conspicuous 
by their size and breadth, and fretpiently completely envelope the 
young leaves and the growing part of the stem ; they are called 
paleoi or rameivta. The roots spring usually from the leaf-stalks of 
those species the stem of which is very densely covered with loaves, 
e.g., Aspidium FUix mas; they form a thick felt-like covering on the 
trunks of tree-ferns, which sometimes exceeds the diameter of the 
stem itself in thickness. 

The production of RiK)re8 is exclusively confined to thehiaves, and it 
takes place without their undergoing any important metamorjdiOHis. 
In many case's the fertile hiaves are hardly to be distinguished from 
the barnm ones, and where a difference is penjcptib.le, it consists 
almost only in this : that the fertile leaf <>r portion of the leaf — 
developes little or no mesophyll. The fertile leaves are never con- 
fined to a particular region of the stem, still Itjss to any particular 
branch; but the stem Wrs at first only barren leaves, and, as it 
grows older, produces fertile leaves periotlically, as well as sterile ones. 

The Sori consist of groups of sporangia which are arranged in a 
certain relation to the venation of the leaves, and their form 
and distribution is characteristic, of genera and even of still larger 
divisions. In many genera, ag., all the Hymenophyliacew (Fig. 120 
A)^ Dicksonia and Davallia, the sorus is situated at the margin of the 
leaf at the extremity of a vein and consists of two parts, a centnil 
part which bears the sporangia, known as the rec^tade (Fig. \20 A r) 
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v^hich. is an elongated, filiform, or abort cushion-like strocture^ and 
a cup-shaped, sometimes deeply two-lobed integument, the indwium, 
(Fig. 120 d i)* In most Ferns the sorus is at some distance from, the 
margin of the leaf, on the under surface ; the indusium then appears 
as covering the receptacle on one side only (Fig. 120 B D E), and its 



Fio. 120. — Sort of the moet linportAnt groups of Ferns, all seen from below. A. Pinna of 
PtUopkyllwm iinuomm, one of the HjnienophyUaceas ; r, receptacle; «, sporangia : t. iudu- 
sluin ; at a half of the indusium is removed. B. Pinna of Davallia— at « the underside of 
the indusium (i) is turned hack, the upper half is become part of the leaf margin. C. Part of 
a leaf of Pten* mrulata : $, the sporangia ; si. the inverted margin. J>. Lacinia of Aspi* 
dlurn-- at « the indusium is removed, and at r the sporangia also. P. Pinna of Folypodium 
vulgart--9Lt r the sporangia are removed (all aro x 3 to 6X 


fonu varies in the different genera. The half of the primitively cup- 
shaped indusium, corresponding to the upper surface of the leaf, has 
disappeared. (See Fig. 120 B,) In many genera the indusium has 
disappeared altogether; the sorus is then said to be naked (Fig. 120 
F), Many Ferns bear the sporangia in a marginal row which may be 
supposed to have originated by the coalescence of contiguous sorL The 
inferior indusium, in such cases, is usually not present : the margin 
of the leaf covers the sporangia as a scHialled false indusium (Fig. 120 
C). Finally, in some Ferns, the sporangia do not form sori hut are 
scattered over the whole of the under surface of the leai^ on the 
inesophyll as well as on Uie veins. The hair-like structures which the 
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receptacle sometimes bears interspersed among the sporangia are known 

paraphysea. 

The Sporangium is a capsule with a wall of a single layer of cells, and 
having a short stalk ; it is rarely sessile (Fig 121). The spores commonly 
originate from th^ repeated division of a single cell which occupies the 
centre of the young sporangium ; in a few families only the sporangium 
is developed from a group of cells, of which the inner cells constitute 
the mother-cells of the spores. In direct relation to the mode of 
rupture of the sporangium are certain cells, which have a peculiar struc- 
ture, and which are much thickened ; tliey form a riiuj or armulusy which, 
in some families, is completely closed, and in others not so, (Fig. 121 r) 
or they may be connected in some other form, but in any case the 
aggregate of these cells is spoken of as the annulus (Fig. 122 ;•). The 
structure of this annulus is an important characteristic of the various 
families. 

The group of the Ferns includes the following eight families, of 
which some are exclusively tropical, and the others, though they have 
representatives in temperate climates, attain their most perfect 
development in the tropics. 

Family 1. Hymmophyllaceoi ; this contains the simplest forms. 
The mesophyll almost always consists of a single layer of cells ; the 
sorus is always marginal (Fig. 120 i4), the sporangium sessile or shortly- 
stalked, and the annulus entire. The protlial- 
Hum resembles in structure the protonema 
of Mosses. 

Almost all the species are tropical. Trichomaiuis 
speciosum and Hymenophyllum Tuuhridgense alone 
occur in Europe (England and France). 

Fam. 2. Polypodiaceob, The annulus of the 
stalked sporangium is incomplete (Fig. 121 r), 
that is to say, it is not continuous at the base. 

Almost all our native Ferns belong to this 
family which is exceptionally rich in species. 



The foUowing sub-famUies may bo die- i*i._8po«n«iui» of o»o 
tinguished, characterised by the position of of the poiypodiacon (x soo): 


the sorus. 


o. stalk ; r, the ring which 
extends to the atominra »t, at 


(a), DavalUaua^ Sorus marginal, or nearly so ; 
indosinm cnjHihaped (Fig. 120 B), 

(l)s PUridea. Sori coalescent along the margin 


this apot the wall of the Bponm> 
glum ruptures. Ouly a few of 
the epovee («p) are indicated* for 
the sake of dletinotnoes. 


of the leaf (Fig. 120 O. PUrU aquilina^ the 

Bracken, has a stem which grows at some depth below the surface of the toil 
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And throwi up every year a sin^e large much-eegmented leaf. The fibro-vas* 
colar bandies of the petiole exhilnt in section an arrangement which is supposed 
to resemble a double eagle. 

(c), AsptdiecB. Sorus, on the lower surface of the leaf, orbicular in form and 
covered by a peltate or reniform indusium (Fig. 120 D), Aspidium FUix mou, 
the male Fern, and other species resembling it, with a thick tufted crown of 
leaves, are not rare in woods. In Phegopteris {Ph. calcarea and Dryopteris are 
not rare) the indusium is wanting. These genera are distinguished from the 
Polypodie® by this peculiarity, that a short, irregularly broken fragment of the 
dead leaf-stalk remains attached to the stem. The rhizome of the indigenous 
species has elongated intemodes. 

('dj, Asplenieos. The sorus, which is situated on the under surface of the leaf, 
is elongated or linear, and the indusium springs from the vein to which it is 
attached (Fig. 120 E), Asplmium ruia muraria is not uncommon on walls and 
rocks ; A. trichx)nuine8 is also abundant, with simple pinnate leaves and a shining 
black rachis. A, Filix fmmina is common in damp woods. Scolopcndrium mdgare^ 
the Hart’s tongue, with entire leaves, is common in damp hedge-rows and woods. 

(e) . Polypodies. The sorus, which is on the under surface of the leaf, is naked 
(Fig. 120 F). The dead leaves and stalks fall off from the stem leaving a 
roundish scar : the leaves are usually borne in two rows on the dorsal surface of 
the rhizome. Polypodium vulgarCf with simple pinnate leaves, is common on 
tree-trunks, rocks, &c. 

(f) . Acrostichcs. The whole underside of the leaf is covered with* sporangia. 


Fam. 3. Cyatheacece^ Distinguished from the Polypodiacese only 
by the presence of a complete annulus. 

The tree-ferns belong to this family. Cibotium and Dicksonia have marginal 
sori with cup-shaped indusia : Cyathea and Alsophila have their sori on the 
under surface of the leaf. 


Fam. 4. GhdchmiacecB and 
Fam. 5. Schizmacece occur only in 
the tropics. 

Lygodium is the roost remarkable genus, 
its pinnate leaves grow to a great length 
and twine round supports by means of their 
midribs. 

Fam. 6. Osmundacece. The shortly- 
stalked sporangia (Fig. 122 B), 
instead of a ring, have a peculiar 
group of cells (Fig. 122 B r) just 
Some roeaophyll la however developed at the aneit • thev burst onen bv 

the base (nat siae). B. A soUtary apo- ^ 

rangium (x 200): a, the short stalk; a longitudinal slit ou the side opposite 

to this (Fig. 122 d). 



Fto. I'ii.—Osmwularegalis. A. Fertile 
pinna with naked marginal sori («). 


r, the annulus ; d, the longitudinal slit. 


Osmunda regalis is a not very common but well-known Fern. Only the upper 
pinnae of the l^ves are fertile and develope little or no mesophyll ; the sori are 
maiginal and consist of a great number of sporangia : they have no indusium 
Fig.l22(^s). 
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Famu 7. Marcatiacece, The sporangia of each sorus are coherent, and 
appear as the loculi of a multilocular sporangium or aynangium : they 
are not developed ea^h from a single cell, but from a group of cells. 
The leaves, which c&re usually of enormous dimensions, have large 
stipules at their base. 

Marattia, Kaulhiasia, Angiopteris, and Danae are tropical genera. 


Earn. 8. Ophioglossem. This is the moat 
aberrant of the families of Ferns ; never- 
theless it is allied to the above-mentioned 
families by many features. The protbal- 
lium is not a flat layer of cells containing 
chlorophyll, but a subterranean mass of 
tissue, containing no chlorophyll. The stem 
of the spore-bearing plant is always short, 
and in the indigenous species it is sub- 
terranean ; it throws up a single aerial loaf, 
or two or three simultaneously. The leaves 
to be developed in the following year are 
already formed at the end of the stem 
and are enclosed in a sheath formed by 
the base of the mature leaf and its stipules. 
The fertile leaves are distinguished from 
the barren ones by the production, from 
the upper side of the petiole, of a branch 
which bears the fructification. The spo- 
rangia are large and marginal, and are 
borne either directly by this branch, as in 
Ophioglossum, or by its lateral branches, 
as in Botrychium (Fig. 123 /). The spo- 
rangia are developed from groups of cells 
and have no annulus. In Ophioglossum 
they are sunk in the tissue. 

Ophioglossum vulgcUum is rather rare : it lias 
an entire tongue-shaped lamina and a linear 
nnbranched fructification. Botrychium Lunaria 
is tolerably common in mountainous districts ; 
its lamina is pinnate and the fructification , is 
paniculate. 



Fio. 12S. — Botrychium lunaria 
(nat. siae) : w, rofits ; atom ; 

leaf-sfaeuth ; *, point where the 
leaf hmnchee ; the aterllo lamina 
<&) Mparatlng from the fertile 
hraoch (f). 


Order 2. Rhizocabpbr (Pbppebwobts). 

The epores are of two kiivds ; the macro^orangia each contain a 
single mobcrospore ; the microsporangia contain nu/nerous mierospores ; 
the prothaUia are small and project hut little from the spores. 
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Pam. 1. Salvimacece. Salvinia is the only genus. The male 
piothallium is a filament which is developed from tho microspore. 
The antherozoids are formed in two cells at the free end of this 
filament, which represent a rudimentary antheridium. 

The female prothallium projects but little from the spore. 

The stem of the spore-bearing plant floats on the surface of the 
water and bears on its upper surface four rows of flat, green, aerial 
leaves (Fig. 124 1) and on its under surface two rows of dissected 
aquatic leaves (Fig. 124 w). Roots are wholly absent. The sori are 



Fio. 124.— Aiiical portion of the stem of Salvinia natans, seen obliquely from below (nat 
siae) : I, I, aerial leaves ; to, w, aquatic leaves, with the sori, «, « ; k, terminal bud of the 
stem. B, Longitudinal section throtigh three fertile teeth of an aquatic leaf (X 10) ; i, i, two 
sori with microsporangia ; a, one with macrosporangia (after Bachs). 

situated on the aquatic leaves (Fig. 124 «) ; each separate sorus is 
completely inclosed in a thick indusium and has a diameter of about 
5 millimetres. Within this fructification the sporangia are borne on a 
columnar receptacle ; in some sori there are numerous microsporangia 
with long stalks, (Fig. 124 it) in others a smaller number of 
shortly-stalked macrosporangia (Fig. 124 a).' 

Salvinia natans occurs in the warmer parts of Europe and in the Tropics, 

Pam. 2. Marsiliacece, This family includes two genera, Marsilia 
and Pilularia. The formation of a male prothallium does not take 
place ; the whole contents of the microspore undergo division and give 
rise directly to a number of small cells in each of which ai\ anthero- 
zoid is formed. 

The stem of Marsilia creeps along the bottom beneath the water (Pig. 
125) and bears on its upper surface two rows of leaves with long petioles 
and quadrifoliate laminae. The under surface of the stem bears only 
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roots. The fertile leaves hrati^ above their insertion ; the one branch 
is quite similar to a sterile leaf, the other bears a legnminoid fructifica> 
tion (Fig. 125 /) which contains several sori enclosed by indusia. 
This fructificiation, like those of the Pha- 
nerogams, consists of an infolded leaf. The 
sporangia are developed each from a single 
cell on the inner surface of the wall of the 
fructification. Each sorus contains both 
macro- and micro-sporangia. 

Marsilia quadrifolia occurs in tempemte 
countries, and many other very similar forms 
abound in warmer climates. 

Pilxdaria globulifera has narrow bladolrss leaves 
but otherwise greatly resembles Marsilia. It occurs 
in England. 



• Class VI—EQUISETIN^^. 

TJw fertile leaves are arramjed in whnrls 
and form a spike at tlui apex of the stern; 
they are peltate and hear the sparanyiay 
which are developed from groups of cells^ on ' 
their inrwr surfaces. The spores are all of 
one kind. 

This class contains but one genus, Equi- 
setnm (the Horsetail). 

The protliallium is much branched and 
corrugated; it bears the antheridia at the 
extremities of the lobes, and the archegonia 
in the angles between them. 

The spore- bearing plant consists of a Imva?: /, /, fmetificationaaprinK* 
^bterranean colourless stem which every r»<Jtioie«. 

year throws up green branches which usually di<* down in the 
autumn. The leaves are represented by an annular dentate leaf- 
sheath at each node (Fig. 1 26 if v). The outer surfmte of the aerial 
intemodes is usually not smooth, but striated witli longitudinal 
ridges and furrows (Fig. 126 H) : each ridge corresponds to a tooth 
of the leaf-sheath. This external configuration of the stem is 
intimately connected with its internal stnicture. The fibro-vascular 
bundles are arranged in a circle (Fig. 126 B a), in e^h bundle there 


Fiu. l‘J5. —Stom of iSarailin 
with loavon (reduced erne 
K. Terminal bud; b, h. 
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is a cavity, the lacuna (k)^ which is formed by the separation of the 
annular vessels ; the hbro-vascular bundles lie on the same radii as the 



Fm. 126.—^. Upper portion of a fertile branch of 
BqvitAiwn. palusti't. v. Leaf-aheatha, below which the 
branohea (r) spring ; to, the uppermost sterile sheath ; 


ridges on the stem. . There 
are also laige cavities in 
tha,^ cortical tissue which 
lie internally to the grooves 
(Fig. 126 J? /). The pith 
too is replaced by a large 
air-space, the central cavity 
(Fig. 126 B c). The 
branches spring from the 
base of the sheath between 
the teeth ; they are similar 
in structure to the main 
stem. 

The fertile branches ter- 
minate in a spike (Fig. 
126 A a) formed of the 
leaves which are trans- 
formed into peltate scales 
bearing sporangia. The last 
leaf sheath below the spike 
is rudimentary and is called 
the ring or annulus, (Fig. 
126 w). The scales stand 


o. the aplke ; 0 , the peltate fertile loaves. A Transverse nUmeroUS whorls : they 
section of the stem (x 6): c, central cavity; «, the , 

flbrovascular bundles aiTanged in a circle, each having have StalkS and Dear the 


a cavity, k: /, the cavities below the grooves ; r, the 
ridges. C. Peltate loaf with sporangia (X 10) : it, the 
stalk ; ip, the sporangia. J>. Diagram of the course 


sporangia on their internal 
surface. The sporangia are 


taken by the flbrovascular bundles where two intemodos |p(>.^ke and Open in wards 
meet ; i, i, the intemodes ; k. the node. 


The spores are enclosed by two coats, the two b^g connected at one 
point only. The outer membrane splits along a spiral line into two 
spiral bands (elaters) which, when they are dry, are extended cross- 
wise, but roll up under the influence of moisture. 


The different species of Equisetam all inhabit damp places, bogs, wet fields and 
woods. While some of the tropical forms attain an immense height and thick- 
ness and the fossil fonns were of gigantic proportions, onr indigenous species 
teach at the utmost the height of a few feet, and a thickness of perhaps half an 
inch* In &. arpmae and JS, TelnuUeia the fertile shoots appear in the spring 
before the barren ones snd are devoid of chlorophyll while the barren ones are 
green, JR (Kg. Xi6) limasum, hpemala, &c., bear their spikes at the 
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of ordinwry grooo. branchod or nnbranched shoots. JB, tylvoHcum 
prodaees fertile shoots which, till the spores are ripe, perfectly resemble those of 
K srvsfue which are devoid of chlorophyll, but afterwards they bear green lateral 
shoots, in consequence of which they come to be very similar to the sterile stems. 


Class VIL— LYCOPODIN^. 

The leaves are for the most part soially the fertile leaves often 
confined to a particidar region of the st(m. The sporangia^ which are 
devdoped from groups of cells, are almost always hortm in the axils of 
the leaves or dose to the bases of the lefives on their upper sides. 


Order 1. Ltcopodibje. 


The spores are all of one kind, live prothallium large and indejm- 
dent The sporangia are outgrowths freon the bases of the leaves and 
are situated in ihnr axils. The stem grmes greatly in length ami 
bears nunvrous leaves which are very small in proportion. 

The prothallium of Lycopodium is a subterranean mass of tissue 
of considerable size wliich boars archegonia and aiithoridia. 


The stem of the spore-bear- 
ing plant grows gretitly in 
length : it usually creeps on 
the ground and branches in 
various planes in an apparently 
dichotomous manner. The 
intemodes are sliort, the leaves 
are closely placexl in a scatter- 
ed spiral, or they are decussate. 
The roots branch dichoto- 
mously. The sporangia origi- 
nate from the tissue of the 
upper surface of the fertile 
leaves and project outwards. 
The fertile leaves, in some 
species, e.g., Lycopodium 
Sdago, exactly resemble the 
sterile ones; in others they 
differ from them and are not 



green : in case they form a sort of spike which in L, davalum 
grows on a stalk bearing small leaves (Fig. 127 s). 
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L, cknHdwtn and anitMitm are the oommonest species which occur in ottr woods. 
The exotic genera Tmesipteris, Phylloglossom, and Psilotum (whibh has no tme 
roots) differ considerably from Lycopodium in their habit, but are as yet imper- 
fectly known. 


Order 2. SsLAOiNELLSiB. 

The spores are of two kinds ; the macrosporangia each contain 
fou/r macrospores^ the micro^orangiay a great number of microspores ; 
both forms of sporangia are situated in the axils of the leaves. The 
prothallia are small and project but little from the spores. The stem 
grows considerably in length and bears numerous short leaves. 

The genus Selaginella has some external resemblance to Lycopo- 
dium ; the stem branches dichotomously, but always in the same 
plane, and often forms a highly complicated branch-system. In some 
species the stem creeps on the ground, in others it is upright and 
even shrubby. The internodes are short, and bear short somewhat 
rounded leaves which are usually inserted in four rows and have 
different forms on the two sides of the stem, so that each pair of de^ 
cussate leaves consists of a large inferior leaf and a small superior leaf 

(Fig. 128 u and o). At the base of 
each leaf there is a small membranous 
ligtde. The roots branch dichotomously 
in alternate planes at right angles to 
each otlier. Tlie sporangia are situated 
in the axils of the fertile leaves which 
sometimes differ somewhat in form 
from the sterile ones. The micro- 
sporangia are usually higher up on the 
shoot than the macrosporangia. Each 

Pia, u%,—sdagineUa hdvetica (nat. of the latter contains four macrospores, 

.!»):, the.. I^htforttte. hoot ^-Ith gf the numerous mother- 

aporangia in the uxila of the loaves. •' 

On the procumbent aterile shoots the Cells divides into four daughter-cells 

iwvea on the underside («) are larger which are developed into macrospores. 
than those on the upper side (o). , 

The prothallium is formed in the 
macrospore, just beneath the apex, whilst it is ripening ; subsequently, 
when the spore germinates, the prothallium protrudes from the apex 
of the spore, the wall having niptureA along its three angles, and 
it there bears one or more archegonia. The rest of the cavity of the 
spoit is then filled with a tissue which may be termed the endosperm, 
(Fig. 118, see below, page 164.) 

In the microspore ihe prothallium is only rudimentary; it is 
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TSpresented by one cell, which undergoes no further changes, whilst 
from the others the mother-cells of the antherozoids are formed by re- 
peated division. 

Sdaginella htlvtiica, with a creeping bilateral stem, grows in mountainous 
districts, on walls and on the ground. S. Kraussiana is frequently cultirnted. 
S. spinuloMy with a stem covered with several rows of leaves, also occurs in 
mountainous districts, and has all the appearance of a small Lycopodium. 

Onler 3. Isobtej:. 

The gpoms are of two kinds ; the nuicrospores are mnnerom in 
macroAporawjia, Both kimls of sporangia are situated at the hiseAt of 
tJve leaves on their upjter surface. The prothallium is small and 
projects but little from the spore. The stem remains short and Imars 
numerous long leaves. 

The genus Isoetcs includes aquatic plants which live at the bottom 
of lakes, &c. The stem is short ; along two or throe longitudinal linos 
on the stem a considerable growth of the cortical tissue forma pro- 
jecting wings, between which the roots are produced. The loaves, 
which are numeroua, have a well developed sheath separated from the 
long and narrow lamina by a pit, the foveOy which bears a ligule on 
its upper margin. 

The 8p(jrangia are situated in this pit ; the macrospomngia occur on 
the oukr leavers, the microsporangia on the inner ones, lloth sorts 
of s])orangia contain cellular filaments among the siiores. 

The development of the prothallium is similar to that of Selaginella. 

jsoi tes lacuslris and other species occur in lakcvS where the water does not con- 
tain much lime. 


GROUP IV. 

PHANEROGAMS. 

The most conspicuous character of this groiqi is the formation of 
seedsj which are produced, in consequence of fertilisation, ui>on the 
plant itself and are detached from it only at maturity. The seed 
contains enclosed in its coat or testa^ the embryo^ that is to say, the 
young plant. This is usiudly already so far developed that stem, 
leaves, and root are formed to a certain extent, so that, after a period 
of rest, it at once developes, at the time of germination, into att indivi- 
dual resembling its parent. Besides the embryo, the see<( usui^ly 

11 
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incltides a tissae, called the endosperm whicli in many orders i§ 
a^orbed by the embryo at an early stage before the seed is ripe, and 
in a few others is never developed at alL 

In the Vascular Cryptogams the structures which are thrown off 
for the purpose of reproducing the plant are unicellular spores which 
more or less directly give rise to the sexual organs ; but in the Phane- 
rogams, fertilisation takes place upon the plant (sporophore) itself, 
and the structure which is thrown off for the purpose of reproduction 
is an embryo invested by parts of the jmrent plant. 

As in many of the Vascular Cryptogams (Equisetum, many Sela- 
ginellece and Lycopodieae), the spore-bearing leaves differ in form from 
the foliage-loaves and are collected together on certain regions of 
particular shortened axes, so in the Phanerogams the reproductive 
organs are borne on modified leaves which are collected together at the 
apex of a shortened axis. This shoot, the leaves of which bear the 
reproductive organs, is called the Flower, 

The most important organs of 
the flower are the stainem^ bearing 
the pollerirsacs in which the male 
reproductive cells, the pollen-grains 
are contained (Fig. 129 and the 
carpels, bearing the ovules, within 
which the oosphere is enclosed 
(Fig. 129 E), 

The stamens, regarded collec- 
tively, form the androedum of the 
flower, and the carpels the gy- 
neecium. In addition to these, the 
flower includes other foliar organs 
which, however, are not directly 



Fio. 129.— Diagram of a Flower. K«. Calyx. 
K. Corolla ; /, filament ; a, anther with two 
pollen'Saca in each half, which are opened, 
ahowing the po]len-gTain8(;>). These fall on the 
stigma, and the pollen >tube (p*) penetrates 
the style ((f) as far as the oavity of the onuy 
(Fi, resohing Uie ovule (S) ; i, the integument 
of tSkS ovule : <m, the embryo-sao. M, The 
oosphere. 


concerned with reproduction : these 
form the perianth (Fig. 129 Ke K). 
When these three sets of organs 
are all present in a flower, the 
perianth is always situated most 
externally, that is, at the lowest 
level upon the floral axis; then 


comes the androBcium, and flnsdiy, nearest to the apex of the axis, 
the ipli^ium. 

tl^Wlon-grainB are formed in the pollen-sacs by the division of 
- % i^buiemiells into four. In the Angiosperms, the poUen-giain la 
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unicellular, its wall consists of two layers, an external, the extine, 
which is firm and often covered with asperities, an internal, the intine, 
which is very thin. The pollm-tuhe, by means of which fertilisation 
is effected, consists of the intine and the contents of the grain ; it 
grows out through the ruptured extine. In the Gymnosperms the 
pollen-grain consists of several cells surrounded by a common extine. 

The pollen-grains correspond to the microspores of the higher 
Vascular Cryptogams. The fact that they are multicellular in the 
Gymnosperms recalls the rudimentary prothallium formed in Selaginella, 
but no formation of antherozoids takes place. The pollen-sacs 
correspond to the microsporangia, and the whole stamen to a leaf of 
Selaginella bearing a microspoiungium. 

The carpels are either open, bearing the ovules on their surfaces 
(Gymnosperms), or they form a structure in which the ovules are 
contained, the ovary (Fig. 129 F), which, when mature, is the fruit 
(Angiosperms). 

The Ovule consists of three parts — 

1. A stalk, called the fnnicle, by which it is attached to the parent 
plant (Fig. 130 /). 

2. One or two coats the (Fig. 130 ai ii), which do not 

completely close at the anterior end, but leave a short canal known us 
the micropyle (Fig. 130 m), 

3. A central cellular mass, the nudem (Fig. 130 k). 



Fro. ISO. —Diagram of the Ovule. A. Orlhotropou*. S. AnatropoTW, <7. Campylotropoun : 
/. funicle : ai, the outer iutegument : it. Uie inner integument ; m, mloropyle ; h, nucleue ; 
em, embryo-MC ; r, the rapbo. 

According to the relative position of these three parts the following 
forms of ovules arc distinguished : 

a. Atropaus or orthotropoua, when the nucleus lies in one and the 
same straight line with the funicle which is usually short. 

b. Anatrqpous, (Fig. 130 B), when there is a curvature at the point 
of attachment of the nucleus with its integuments to the elongetedt 
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funicle (raphe), the integuments coalescing with the raphe (Fig 1 30 S r). 

c. Campylotropous (Fig. 130 C), when the nucleus with its integu- 
ment is curved on itself. 

One cell of the nucleus increases greatly in size and constitutes the 
embrychsac, within which, at the anterior end of the ovule, (that is to 
say, the end at which the micropyle is situated), the oosphere is situated ; 
in Angiosperms this cell is developed directly by free cell-formation, but 
in Gymnosperms it is formed indirectly in a special organ, the 
corpmcvlum. 

Fertilisation is effected as follows ; a pollen-grain falls either 
directly upon the micropyle, as in the Gymnosperms, or on to the apex 
of the ovary which is specially adapted to receive it, and it then 
throws out a long tube, known as the pollen-tube (Fig. 129 ps). 
This extends to the oosphere (Fig. 129 ij?) through the micropyle, 
and the oosphere is fertilised in consequence of the contact. The 
result of the fertilisation is that this cell becomes surrounded by a 
membrane and begins to grow towards the interior of the embryo-sac, 
forming a row of cells, the suspensor, of which the inferior terminal cell 
forms the embryo by cell-division. 

■ In addition to the oosphere, a tissue is developed within the 
embryo-sac, the endosperm, wliich in the Gymnosperms is formed 
before fertilisation, in the Angiosperms not until after it. It usually 
originates by, free cell-formation, isolated cells being formed in 
considerable numbers which, as they grow, come into contact and then 
multiply still further by division. In rare cases (e.g., Alismacem) the 
fonnation of endospenn does not take place. In many plants the 
endosperm is displaced and consumed by the developing embryo, so 
tliat it has disappeared by the time that the seed is ripe. 

In contradistinction to the endosperm, the term perisperm is applied 
to the cellular tissue which is contained within the ovule, but which 
lies externally to the embryo-sac : it is in fact a permanent portion of 
the nucleus, and it is found in relatively few families of plants. 

The comparison of the female sexual ckgans and of the modes of fer- 
tilisation with those of the Vascular Cryptogams is somewhat difficult, 
and will be entered upon when the Gymnosperms are being considered. 

The embryo as it is contained in the ripe seed, usually exhibits 
distinct differentiation into stenfi, leaf, and root This first root (Fig. 
131 w) — the primary roof — lies in the same straight line as the stem 
which is very short. At the opposite end the stem bears the first 
l^Vis (Fig. 131 o) which are usually strikingly unlike the leaves of 
kter growth and are known as cotyledons or seed-leaves. Sometimes- 
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the next leaves are distinctly visible forming a terminal bud and these 


constitute the plumule. 
The portion of the stem 
which lies below the coty- 
ledon is the hypocotyledon- 
ary portion (Fig. 131 III 
he); it merges gradually 
into the root, and the two 
together are designated as 
the radicle. The internode 
next above the cotyledons 
is the epicotyledonary por- 
tion. The embryo always 
lies so in the ovule that 
the apex of the primary 
root is directed towards the 
micropyle ; on germination 
the root grows out through 
it The integuments of 
the ovule constitute the 
testa of the ripe seed, and 
occasionally during the 
ripening process another 
outer integument is formed, 
known as the arlllus. 

All flowers do not con- 
sist of the three parts 
above-mentioned, the peri- 
anth, the androecium, and 
the gynoecium ; the peri- 



anth for instance, is aljsent 
in many flowers. Those 
flowers which include both 
male and female organs are 
called hermaphrodite^ com- 
monly indicated by the 
sign 5 ; but there are 
many plants in which 
some of the flowers (irre- 


Fio. 181. — /*inu« pivea. /. longitudinal 8cctlc»n 
through the middle of the seed ; y, the micropylar end 
JI. Commencement of gorminAtion, emergence of the 
root. III. C<*mpletion of germination, after the endo- 
•perm has been abaorhed (the eeed lay too near the 
surface, and was therefore raised up by the cotyledons 
when the stem began to growX A. Showa the nip- 
tured testa («> B. The endosperm (e), one half of the 
testa baring been removed. C. Longitudinal section 
<rf the endosperm and embryo. D. Transverse section 
at the commencement of germination : c, the cotyle- 
dons ; w, the primary root ; x, the emlnyo-sac pushed 
out by U (ruptured in J9f) ; Ac, hypocotylodonary portion 


spectively of the perianth 
which may be present 


of the axis; i^, secondary root; r, rod membrane 
within the hard testa. 
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or absent) possess male orgims^only, and others female organs 
only. Such flowers are called didinom or unisexual, the former 
being male ( (J ) and the latter female ? . When the flowers of 
both sexes are united in one individual plant it is said to 
be monoBciom^ but when they occur on distinct plants, the plant is 
said to be dkacioua ; it is permissible in that case to speak of male 
and female plants. When the same plant produces both hermaphro- 
dite and unisexual flowers, it is said to be polygamous. 

Plants of which the individual perishes after once producing flowers 
and seeds are termed monocarpoua \ in rare cases several or even 
many years elapse before the blossoming occurs, e.g.. Agave americana. 
More common are annuals (indicated by the sign ©) Le., plants 
which complete the whole course of their development in the course 
of a single year, e.g., Wheat; or Uennials (©;, plants which do not 
blossom till the second year of their growth and then perish, e.g., 
Cichorium. By pohjearpom plants are meant those of which each 
individual produces flowers and fruit repeatedly, year after year ; trees 
and shrubs arc thus perennial and have subaerial woody stems or 
trunks, and there are perennial herbs and plants which have under- 
ground rhizomes, tubers, &c. 

The group of Phanerogams falls into two divisions, the first con- 
taining only one class, the second two classes. 

A. Gymnospermce. The ovule is naked, that is to say, it is not 
enclosed in an ovary, but is attached to a carpellary leaf or simply to 
the axis of the flower. The endosperm is developed in the embryo- 
sac before fertilisation ; the oosphere is situated within a special 
organ, the corpusculum. The pollen-grains are multicellular. 

Class VIII. Gymnospcrmoe. 

B. Angiospcmnm. The ovule is enclosed in an ovary ; no endo- 
sperm is formed in the embryo-sac before fertilisation, and the oosphere 
is formed by free cell-formation. The pollen-grains are unicellular. 

Class IX. MonocotyledoTies. The embryo has but one coty- 
ledon, and the ripe seed usually contains much 
endosperm. 

Class X. Dicotyledones, The embryo has two opposite coty- 
ledons, and the endosperm is frequently all absorbed 
before the seed is ripe. 
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DIVISION A. 

Class VIH.— GYMNOSPERMJSL 

The omde is not enclosed in an ovary ; it is attached either to an 
open carpel, or to the axis, no carpel being present. The endosperm /x 
formed in the embryo-sac before fertilisation, and the oosjdiere is 
developed in a special organ, the corpusculum. The pollen-grains are 
multicdlnlar. 

The flowers are always diclinous, frequently dioecious and almost 
always witliout a perianth. The male flowers consist of a prolonged 
axis on which numerous stamens are inserted. These are sometimes 
peltate, like those scales of Equisetum which l)ear the sporangia, tut 
sometimes they have a greater resemblance to an ordinary petiolatc loaf. 
They bear on the inferior surface two or more separate pollen-sacs 
(Fig. 132 ^ a), which open longituilinally so ns to allow the pollen 
grains to escape. These always consist of at least two (Fig 132 JJ) 
and often of several cells, from the largest of which the pollen-tube is 
dev(jloped. In the course of this proce.Si the extine is usually ruptured 
and shed, but in some rare cases, e.g., in the Cycadeu), it is )>iorced by 
the pollen-tul>e. 



Fio. 139.—Procasti of fertili«ation in 


Fio. 132. —A. Male flower of Abiu peetinata ; P»nu« (a magniflod diagram) : in, micros 

6. bracta ; a, stamens. B. FoUen-grain highly pyle ; i, integument ; k, nucleus ; 

magnified ; extine with a bladder-like expan- tbeoosphere; It, neck of the corpusculuxn ; 

Sion (61) ; i, intine ; y, the cell from which the e, endosperm filling the embryo-sac ; p, 

pollen-tube grows (after Sachs). poUen-gratns : s. the tubes. 

The female flowers are usuaUy prolonged axes which in some cases 
bear carpels upon which the ovules are inserted, and in others, bear 
the ovules directly, carpels not being present The carpels are 
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frequently closely packed around the ovules, but they do not form an 
ovary. 

The ovule is commonly orthotropous, with a very short funicle and 
having but one integument. The nucleus is laige and the embryo-sac 
is at some distance from the micropyle (Fig. 133 e) ; the sac becomes 
filled with endosperm in which, at the anterior end, several corpuscula 
are developed (Fig. 133 c). Each corpusculum consists of a neck 
(Fig. 133 /i), which is formed of one or of a small number of small 
c(3lls, and of a large central cell, the oosphere (Fig, 133 c). From the 
structure and arrangement of these organs it may be seen that the 
(lymnosperms occupy an intermediate position between the Phanero- 
gams and the higher Cryptogams. The embryo-sac corresponds to the 
macrospore ; in this case it gives rise to a pro thallium (the endosperm) 
without becoming separated from the parent-plant ; on this prothallium 
several archogonia (the corjmscula) are produced. The pollen-grains 
correspond to the microspores, but they do not here give rise to 
antherozoids. The pollen-grains are borne by the wind to the micro- 
pyle ; they are conveyed through it by the fluid there secreted to the 
nucleus, and they penetrate its tissue by means of the pollen-tubes 
which they protrude ; each tube makes its way through the neck of a 
corpusculum, coming into contact with the oosphere which is thus 
fertilised (Fig. 133 s). The fertilised oosphere elongates downwards, 
forming a siispensor bearing the embryo at its inferior extremity. 

Tlio ripe seed always contains endosperm in the midst of which 
the embryo lies longitudinally, its root-end being turned towards 
the micropyle (Fig. 131 y). The stem bears two or more coty- 
ledons arranged in a whorl (Fig. 131 c). 

The class contains the following three orders : 

1. CycadecB, The trunk is rarely branched, or not branched at 
all ; the leaves are large and much branched. 

2. Coni/erce, The stems are much branched, the branching being 
axillary and monopodial ; the leaves are very small and entire. 

3. GnetaceoB, The habit of these plants is various ; they distinctly 
iEipproach the Angiosperms in the character of their flowers. 

Order 1. Cycadr®. 

The stem dighily broached or not at all; (he leaves large and 
branching. 

The Cycade» are plants which, in many particulars, have aflanities 
with the Ferns, while, on the other hand, in external appearance they 
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resemble the Palms. The stem is tubercular or cylindrical, and 
thickly set with leaves. The leaves are of two kinds — some being 
scale-like, brown, and dry, closely covering the stem, the others being 
green, pinnate, and of a leathery consistency ; these last are produQed 
annually, or at a longer interval, and form a magnificent crown at the 
apex of the stem. 

The flowers are produced terminally at the apex of the stem, the 
male and female flowers being borne by different individuals. The 
male flowers consist of an axis which bears peltate stamens, having 
the pollen-sacs on their inferior surfaces ; they somewhat resemble the 
spikes of sporangia of Eciuisetum. The female flowers are for the 
most part cone-like ; the axis bears numerous carpels ; on the inner 


side of each carpel there are 
two orthotropous ovules (Fig. 
134 B). In the genus Cycas 
the female flower is composed 
of a rosette of leaves, each of 
which is formed like the foliage 
leaves of the plant, only that 
it is much smaller and bears 
ovules in the place of the lower 
pinnas (Fig. 134 ^4). In Cycas, 
too, the axis of the plant con- 
tinues to grow after the produc- 
tion of the flower. 

The ovules have an integu- 
ment which becomes succulent 
at maturity, and they acquire 
a considerable size. Those of 
Cycas are as largo as a plum 
even before fertilisation. 

The embryo has two coty- 



Fio. 134. The flower of Cycae. if. Carpel of 
CVra« revolvla imt. airc) : /, piunw : $, oviilca 

B. Carpel of Zfnnin mvricata, with two OTulea(«) 

C. Stamen of the »amc, with the anthers (p). 


ledons which do not escape from the seed on germination. 


The Cycadeae are natives of tropical America ; they occur— fewer in number — 
in South America and tropical Asia. CycAia revoluta and circinaliSy Zamia muri- 
eata and Dim eduU are often grown in hothouses. 


Order 2. CoNiFERiE. 

The stem hranchea extensively from the axils of the leaves^ but not 
from aU, The leaves are entire and relatively smalh 
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This order inclodes the Fines and Firs which are abundant in tem-^ 
pezate climates. A conspicuous feature in their habit is the 
regularity of the monopodial branching of the stem. In the structure 
of their tissues they exhibit affinity with the Dicotyledons ; the 
trunk increases in thickness, as it does in the Dicotyledons, by means 
of a ring of cambium; the secondary wood, however, contains no 
vessels, but consists entirely of wood-cells (tracheides), the walls of 
which bear peculiar bordered pits (v. Fig. 42). 

The male flower consists of an elongated axis covered with stamens, 
which are peltate, and bear two or more pollen-sacs on their inferior 
surfaces (Fig. 132 A), 

The structure of the female flower differs considerably in the various 
families, and in some has not yet been accurately investigated. 

The embryo has a conspicuous primary root which grows persistently, 
and two or more cotyledons which escape from the seed and unfold on 
germination (Fig. 131). 



Pia. 185.— raxu« hwenta. A, The branch of a 
female tree with (f) fruit (nat. eiee). B. Section 
of a female ( x 20) ; h, ecale-like bracts which are 
still visible at the base of the fruit ; «, the appa- 
rently terminal ovule, with (i) the intqpiment ; 
m, mieropyle : k, nucleus : a a, the rudiment of 
the ariUus, which subsequently grows up round 
the seed. 

but destitute of white stripes ; by this the 


Sub-order 1. Taxineje. The 
ovules are perfectly naked, there 
being no carpela The flowers 
are always dia^cious; the embryo 
has two cotyledons. 

Taxm haccata is the Yew ; the 
ovules occur singly at the end of very 
short branches (Fig. 135 B\ which 
bear numerous bracts. The fertilised 
ovule during its maturation becomes 
surrounded by an arillus (Fig. 135 
A /), which, when it is ripe, is red 
and fleshy. The leaves, which are 
spirally arranged, project on two sides 
from the steni, and are flat and acicu- 
lar, light green upon the under surface, 
tree is at ouce distinguishable from 


the Silver-Fir, which resembles it in habit. Salisburya adiaiUiJolia (Oinkgo 


bilobajf which grows in China and Japan, has broad wedge-shaped leaves, with 
palmate venation. Phyllocladus has flattened phylloid branches. 


Sub-order 2. Araucariage^ The female flower is the well- 
known cone of the Firs and Pines, consisting of an axis (Fig. 136 B^) 
bearing scales (Fig. 136 e), arranged spii*aDy or in whorls, which are 
the bracts. In the axil of each of these bracts there is a second 
scale, the oarpeHary scale, which usually bears two or more ovules 
(Fig. 136 ek). The relation of these two scales to each other has 
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been explained in a variety of 
that the earpellary scale repress 
consisting of an axis bearing 
two carpels which are fused 
with it, and which bear the 
ovules. 

In some genera (Pinus, Juni- 
perus), the seed takes two 
years to come to maturity; 
in the first year, the pollen-tube 
penetrates only a short distance 
into the tissue of the nucleus, 
and it is not till the following 
year that it reaches the embryo- 
sac and fertilises the oosphero ; 
the embryo at once begins to 
develope. 

The embryo has from 2 to 1 5 
cotyledons (v. Fig. 131 c). 

This Sub-order may be di- 
vided into the following four 
families : 

Fam. 1. Ahietinem, The 
carpollary scale is coherent with 
the bract only at the base ; the 
micropyle of the ovule is 
directed downwards; the ar- 
rangement of the leaves and 
scales is spiral. 

The flowers are monoecious : 
there are two ovules at the base 


ways. The view here followed is, 
bs the axillary branch of the bract. 



Fio. peetinata. A. A louf detached 

from the fcin iUi floral axia aoon from above, with 
the carpellar> acalc («) lienriiig the ovulea {»k) 
(inaguifled). B. Upjicr fiart of the female flower 
(or cone) in the mntiiro atuto : sp, floral axis or 
axis of Uio C'iiiii ; c, its loaves (Imicts) ; i, tho 
largely-devcloi»od earpellary sculos. C. A ripe 


of each can)ellary scale: the <»n»n»ry .«uc, »itu the two wod. («,);/, th« 

‘ wing of the seed (reduced). 

ripe seed has winged appendages 

springing from the surface of the earpellary scale (Fig. 136 C f)) 
the pollen-grains have usually vesicular expansions of the extine 
(v. Fig. 132 B hi) filled with air. 


The genus Abies has flat carpellaiy scales ; the seeds ripen in a single year ; the 
leaves,, which persist for several years, are arranged spirally only on the elongated 
shoots. In most species the persistently growing stem bears welbdoveloped 
lateral branches in the axils of the leaves belonging to the up|)er portion of each 
year’s growth, and less well-developed branches irregularly in tho axils of leaves 
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lower down. The primaiy branches all develope in the same manner ; the develop- 
,ment of branches of a higher order takes place especially on the two sides of the 
nearly horizontal primary branches. 

The male flowers are developed in the axils of certain leaves of the shoot 
produced in the previous year. 

In the sub-genus Abies, in its restricted sense, the Firs, the acicular leaves are 
flat, with two margins, and are marked with white streaks upon the under sur- 
face ; the cone stands erect in the axil of a leaf borne by a shoot of the previous 
year, at some distance from its apex ; when it is ripe, the bracts and carpellary 
scales fall off, together with the seeds, from the axis which persists for a time. 
To this genus belongs Abies pectitmta^ the Silver Fir, the emarginate leaves of 
which stand out in a comb-like manner from the branches. A. cephalonica^ 
which grows in Greece, and A.piitsapo, which grows in Spain, both have pointed 
loaves. In the sub-genus Ticea, including the Spruces, the leaves are prismatic 
with four angles ; the cones are developed at the apex of the shoots of the 
previous year, become pendulous after fertilisation, and, after the shedding of the 
seed, drop off entire. To this group belongs Abies excelsa, the Norway Spruce. 
The sub-genus Tsuga (peculiar to North America), has cones like those of the 
Spruces and leaves like those of the Firs, and branches arranged in whorls, though 
this is not always evident, as in A. canadensis (the Hemlock Spruce) and A, 
Douglasii. 

The cones of the genua Larix, the Larches, resemble those of Abies ; the leaves 
persist through one season only ; they are arranged spirally on the elongated 
branches, and in a fasciculate manner on the dwarf-shoots which are developed 
in the axils of the leaves of the elongated branches of the previous year ; these 
dwarf-shoots grow but slightly every year, but they may be transformed into 
elongated branches. The male flowera, as also the cones, are situated at the apex 
of the dwarf-shoots. The branches are not arranged in whorls but irregularly. 
L. ciiropma belongs to the Alps and the Carpathians ; other species are found in 
Siberia and in North America. 

The genus Cedrus, the Cedars, differs from Larix in that the loaves, which are 
arranged in the same way, persist for more than one year, and in that the seed 
takes two years to ripen. C. Libani occurs in Asia Minor, and C. Deodara in the 
Himalayas. 

In the genus Pinus, the Pines, the carpellary scales have a thickening at their 
free ends, presenting on the exterior a rhombic surface, the apophysis. The seed 
takes two years to lipen. The green leaves, which persist for several years, are 
borne in groups of two, three, or live, on dwarf-shoots which bear cataphyllary 
leaves at their bases, which do not elongate, and which are borne in the axils of 
the scaly leaves of the elongated branches of the same year. The primary 
branches are arranged in false whorls near the apex of the shoot of any one year, 
and the branches of a high order are also arranged in this manner. The male 
flowers take the places of the dwarf-slioots at the base of an elongated branch 
of the same year ; they are closely packed. The cones take the places of the 
whorled branches near the apex of tke elongated branches of the same year. 

In the sub-genus Pinaster, each dwarf-shoot bears only two green leaves ; the 
apophysis is rhombic, the seed is winged. To it belong P. sylvestriSf the Scotch 
Fir ; the cones are borne upon short stalks and bend downwards ; the winter-buds 
are rounded : P. numiana, occurs in the Alps ; the stem is usually procumbentv 
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but sometimes erect ; the cones are sessile and are placed hodxontally : P. 
Laricio^ occurs in southern Europe, and has pointed winter-buds : P. Pinea, is the 
Stone-Pine of the south of Europe ; the seeds are largo and edible, with small 
wings. The North American sub-genus Tasda differs from the preceding in that 
the dwarf-shoots bear three leaves. In the sub-genus Strobus, including Finns 
Strobus, the Weymouth Pine, the dwarf-shoots bear five leaves ; the apophysis 
is semi-rhombic, and the seed is winged. The sub-genus Ceinbra, finally, has a 
large wingless seed, and its cones fall to pieces ; to it belongs Finns Ccmbra, the 
Siberian Stone-Pine, occurring in mountainous districts such as the Alps and 
Carpathians. 

Fam. 2. Arancarieoe. The carpellary scale is completely fused 
with the bract ; the micropyle of the ovule is directed downwards ; 
the leaves and the scales of the cones are armnged spirally ; the ovules, 
are completely enclosed by the scales ; they are trees with very regular 
branching ; branches in whorls. 

Araucaria imhricata occurs in Chili ; A. excelsa on Norfolk Island. Dammara 
orientalis in the East Indies, furnishes the Dammar resin. 


Fam. 3. Ttixodiocc. The carpellary scale is completely fused 
with the bract ; the micropyle of the ovule is directed upwards ; leaves 
and scales ^ranged spirally. 


Taxodium distichum^ the Deciduous Cypress, 
grows in swamps in the United States. Welling- 
tonia giganim (or Sequoia) is the Californian 
Pine, remarkable for its enormous size and for 
the great ago which it attains. 

Fam. 4. CiipremlnfiOi. The carpellary 
scale is completely fused with the bract ; 
the micropyle of the ovule i.s direett^d 
upwards; the leaves and scales are ar- 
ranged in whorls. 

The leaves are arranged in whorls of 
two or three, and at their bases are con- 
tinuous with the cortex of the branches. 
The scales (consisting of the fused bract 
and carpellary scale) of the cone bear two 
or more ovules on their inner surface at 



Fn; 137 .-- A. A yuuiifT cono of 
JutUfftruM Sabina, aeeu from aljovo 
(mag- ) , //, tbo two inferior acalcH, 
ijficU \xiAring two ovuIeM (f) ; f J', 
tbo two upper etorilo mchIok. B. 


the base. In ewarnttni* and allied 

^ after tbo removal of tho bnteta ; 

species, each scale bears only one ovule, ///, tbo tbroo acaios (tbo antoHor 
placed somewhat to one side, on its inner down); tho tbroo 

* ^ -r i. ovukm. C. Iliiw cono of tbo aanio 

surface ; so that it appears as if the tl^K^ plant : the three aaHen (S) can still 


ovules' alternated with the three scales. ^ distinguished. 

Tho flowers are monoecious or dioecious. The embryo usually has 


pnly two cotyledons. 
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the tube correspond to the three sepals and the three petals. The 
simple perianth also may consist of separate leaves {eleutherophylhm 
of polyphyllovs perianth), e.g., Amarantas, or the leaves may be 
coherent (gam(^yllou8\ e.g., Aristolochia. 

The degree of division presented by gamophyllous perianths into teeth or lobes 
is indicated by the same terms which are used In describing the incision of the 
leaf'blade {v. page 11). The form of the gamopetalous corolla may be campanu- 
hUe as in the Campanula ; funneUahaped or infundibulifimn)^ as in Bind-weed 
(Fig. 188 A) ; rotcUe, as in the Elder (Fig. 138 c). The upj»er and lower portions 
may frequently be distinguished, the lower as t?ie tithe (Fig. 188 B r), the upper 
expanded part as the limb (Fig. 138 B a). Other peculiarities of form are con- 
nected with the symmetry of the flower {v, page 189). 

The petal frequently consists of two parts, the claw and the limb 
as in the Pink (Fig. 139 A B), The Corona (paracorolla) in the 
Narcissus and Lychnis is formed by ligular outgrowths from the claws 




Fio. 189. — A. Petal of Dianthu» tiuperbua, witb (n) the claw and (p) the limb, much divided. 
B. Petal of Lychnis ; n, claw ; p, limb ; I, ligula. C. Flower of PotentiUa, seei) from below ; 
e, corolla ; k, calyx : a, epicalyx. 

(Fig. 139 Z). Any segmentation of the petal, as in the Pink (Fig, 

139 A) is unusual ; emarginate or obcordate petals are more common. 
In many cases the petals have spur-shaped appendages (Violet), or 
they are prolonged at the base into tubes, as in Helleborus and 
Aconitura. This peculiarity is connected with the secretion of the 
nectar (r. page 184). 

The caliculus or epicalyx is formed by leaves which grow close 
under the true calyx of the flower ; e.g., the small leaves which 
alternate with the sepals in PotentiUa (Fig. 139 C a) and in Malva. 
In some vCasea those leaves are the stipules of the sepals, in others 
they are bracts developed close beneath the calyx. Such an arrange- 
ment of leaves close beneath the flower, so that on a superficial view 
they seem to form part of it, is of frequent occurrence; e.g., in 
Anem&ne Hepalica. 

\ The Ajidramum consists of the male organs of the flower, thd 
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stsmens. Each stamen consists of two parts ; a slender stalk called 
the filament (Fig. 140 S)^ and the oigan which contains the pollen- 
sacs (Fig. 140 D p) known as the emtker (Fig. 140 a). The anther 
consists of two longitudinal halves, each of which nsually contains 
two pollen-sacs ; these two halves are unitetl by the upper portion of 
the fdament which is known ns the connectives (Fig. 140 c). This is 
occasionally very narrow, so that the two halves of the anthers lit* 
close together (Fig, 140 Ai a ) ; in this wise it may he that the conm?c- 
tive is not sharply marked off from the hlamont, and then the antlier 
is simjdy attached to the upper end of the filament (hwate) ; or it may 
be articulated as by a joint, so that the anther with the connective can 
oscillate on the apex of the filament anther Fig. 140,^3). 

But the connective is often broader so that the two halves of the 


anther are widely separated (Fig. 140 B) ; it may be much elongated 
and very delicate, so that, witli the filament, it forms a T-shaped l)ody 
(Pig. 140 C) ; in this plant, the Sage, the further peculiarity is 
exhibited that one half of the anther is abortive and is modified for 


another purpose. It is only mrely, as in Herb Paris, that the connec- 
tive is predonged beyond the anther into a point, or into a bristle, jis in 
the Oleander; the two halves of the anther then appear to bt* 
placed laterally on the filament. 



Fio. 140.— stamen. Of Lilium; «, fila- 

ment : a, the anthers. Ag Side Tiew. R Of 
TUia ; t, connective. C. Of Salvia ; 0 is the 
half of the anther that has been modified. 
Z>. IHoaverae section of the anther of Hyperi- 
eum (mag.) ; p, the 4 poUen-aaca; e, connective. 



Pio. HI, —A. Stamen of AIUmui. 
B. Of Vaceinium myrtillui, C. Of Parig 
quadri/Uia (mag.); f, filament: t'. 
connective; a, anthers; d, apiMin- 
dages ; p, the pores by which the 
anther opens. 


The filament is usually round and stalk-like, of a delicate coloured 
or colourless tissue ; it is occasionally flattened ; when it is very short, 
t|ie anthers are said to be aesBile, 
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In some plants, e,g., Allium (Fig. 141 A), the filament has 
appendages; in others, e.g., Erica (Fig. 141 B) and Asclepiadeee the 
anthers themselves are furnished with appendages such as spurs and 
so forth. In certain plants, as Eicinus and Hypericum, the stamens, 
that is to say the filaments, branch either, like most leaves, in a plane 
jwrpendicular to the median plane, as in Myrtaoe», or in various 

directions, as in Eicinus (Fig. 142) ; 
an anther is home on each of the 
branches of the filament. 

Somewhat similar in appearance but 
essentially different in structure are the 
coherent stamens of the Papilionace^ 
and other plants. The stamens of 
each flower may be collected into a 
bundle, commonly into a tube, or 
into groups of two, three or more, 
when they are said to be mono, 
di-y tri-y or polyadelphous. The 
anthers and the upper portion of the 
filaments commonly remain free. The 
Fio. 142.— Part of a male flower of arrangement becomes highly compli- 

Afcmu. wmmuni, cut through length- filaments are at the 

waye ; / /, tbo basal portious of tho 

coinijoundiy'brauohod stanieDs ! the saiiie time Coherent and branched, as 
anthers (after Sachs). jji Malvaccflo. In the Compositsp, 

o.g., tho Sunflower and Thistle, the filaments are free but the anthers 
become coherent (syrujcnesiotis) though they are not originally united. 

Besides these varieties of arrangement it frequently occurs that the 
filaments adhere to other portions of the flower, particularly of the 
perianth, so that they — or when they are very short, the anthers— 
appear to be inserted not upon the axis of the flower but upon the 
loaves of the perianth {epipetalous). This condition is most frequently 
present when the petals themselves are connate and form a tubula 
corolla, e.g., Primula. The adherence of the stamens to the carpels i 
of rarer occurrence, e.g., Orchidaceas; they are then termed 
drous. In many flowers it happens that certain filaments, ocev 
pying a definite position with regard to the other parts of the flowe) 
are longer than the others ; thus, of the six stamens of Uie Crucifen 
(o.g., Eape and Cabbage), four are much longer than the other two 
of the four stamens of the Labiates (e.g., Lamium), two are longc 
.than the other two. In the former case the stamens are said to I 
;n fliA didtm/inuntM. 
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Stamenfi which bear no anthers and which present to a certain 
extent a leafy appearance are called ataminodia ; they occur regularly 
in aome flowers (e.g., Canna). DouMe flowera are' p^xluced by the 
assumption of a petaloid appearance by the whole of the stamens — or 
the larger number of thcm,^ In many flowers which have a spiral 
arrangement of their parts, e g., Nymphrea, there are intermediate forms 
between the petals and stamens so that the passage from one to the 
other is gradual 

The pollen-sacs are contained in the anthers, two, commonly, in 
each half (Fig. 140 D })) ; more rarely there is only one, or thert^ may 
be four. The pollen is shed by the dehiscence of the anthers, usually 
in considerable quantity. The mode of dehiscence of the anthers is 
indicated by their structure ; some, as in Ericacem, open })y a circular 
pore at the apex of each hidf of the anther, but most of ilmm have a 
longitudinal slit on the inner side, i.e., the side facing tlic centre of 
the flower (tntrorse)^ or on the outer side {extrarse). 

When the pollen-grain reaches the 
stigma (see the next section), or if it 
is immersed in a solution of sugar, 
the intine or inner coat of the grain 
protrudes, one or more long tubes, 
the pollen-tubes (Fig. 143 «). The 
spots at which the (*,xtine, or outer 
coat, is thus ruptured by the growing 
cell are usually indicated beforehand '■“* ) 

extilio t, Intlno.'r/, h, <•, the throo 

by some peculiarity of structure such where t)j« oxtluo i» tbinnur in uutJdiwitlon 
as a special thinness, or a lid-like W- 

development of the extine, and are 
also definite in number (1, 2, 3, 4, 6 or more). 

The pollen-grains of Orchids and a few other plants never separabj 
but remain united in masses ( pollmia) contjsponding to the several 
pollen-sacs. 

The Gynoecium or Pistil is always the terminal structurr*, of the flower, 
occupying the apex of the floral axis. Each of its constituent parts is 
called a carpel, and in the Angiosperms they form the ovaries, wliicli 
are closed cavities containing the ovules. If in a flower where there 
are several carpels each of them closes by the cohesion of its margins, 



Fio. U:J. — - rollon-graiii uf Ki>il<iblum 


• In other cases the “ doubling” is the result of a multiplication of the petals, 
the androBciam remaining unaltered, e.g., Campanula. Tbe so-called doubling 
of Compositae resembles this in its external features only. This will be dispiiMu*/) 

fh «» • 
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they form bo many ovarios ; the gyncBcinm is then said to he apocar- 
potL8f (Fig. 144 A)y e.g., Ranunculus, Paconia and Butomus; if there 
is only one carpel (Fig. 144 B) the pistil is said to be apocarpous and 



Fia. 144.— -A Apocarpous gyiMBcium of Aconite. B. Simple apocarpous pistil of Melilotua 
C, Tetratnerous syncarpous pistil of Uhamnus. D. Ovary of Saxifraga. formed of two carpels 
which diverge towards the top ; t, torus ; /, ovaries ; g, style ; n, stigma ; 6, ventral suture. 

dmple ; if several carpels in one flower cohere and form a single ovary 
(Fig. 144 C)y the gynoecium is said to be syncarpousy e.g., Poppy 
and Lily. Intermediate forms occur in that a syncarpous ovary 
may be divided at its upper end into a number of loculi corres- 
ponding to the carpels (Fig. 144 D), 



Fio. 145. — Transverse section of ovaries ; p. placenta. A. Monomerous and unUocular 
r, dorsal suture ; 6, ventral suture. B. Polymerous and unilocular. C. PoliTnerous and many 
chambered, but unilocular. Polymerous and multilocular. 

The ovary is said to be Ttionomerom when it is formed of only om 
carpel (Fig. 145 A)y the margins of which cohere on the side opposit 
to the midrib. The side along which the midrib runs is the dorsa 
surface (Fig. 145 .4 r) opposite to it is the line of cohesion, the ventra 
suture, which runs therefore on the ventral surface. The cavity thu 
enclosed is not usually divided by dissepiments, but it is a simp] 
cavity as in the Vetch ; such an ovary is said to be unilocular, Fals 
or spurious dissepiments formed by an infolding of the inner surfac 
'occur but rarely. 

When, on the other hand, several carpels cohere to form an ovai 
it is polymerous (di- tri- or tetra-merous). This may be unilocular (Fi 
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without any portion of them projecting inwards ; but if the margins 
project into the cavity so as to form longitudinal dissepiments the ovary 
is cJiamhered (Fig, 145 C), e.g., Poppy ; but since the chambers are 
open towards the middle the ovary is still unilocular. Wlien the margins 
form dissepiments which meet in the middle, the ovary is multiloadar; in 
some cases the margins turn outwards again towards the circumference. 
In these cases the individual loculi are completely separated, but there 
are others in which the margins of the carpels do not grow so far towards 
the centre at the upper part as at the lower, but the two margins of each 
carpel simply cohere together ; consequently the lower part of the ovary 
is polymeroiis and multilocular, while the upper i)art is composed of a 
number of monomcrous ovaries, e.g., Saxifraga (Fig. 144 D). In all 
these cases the floral axis may grow up into the interior of tin*, cavity of 
the ovary, and when the ovary is multilocular the axis may coalesce 
with the dissepiments. 

False di.sscpimerits may be formed in polymerous ovaries by 
ingrowths from the internal surface of the carpel ; thus the ovary of 
the Boraginem and Labiatm is originally bilocular, but each loculus 
becomes divided into two by a false dissepiment, and w^heu the 'fruit 
is ripe the four loculi seijarate completely. 

When the axis grows, as is usually the case, equally in all parts, 
the gynoecium, being nearest to its nj)cx, is the up[)ermost part of tlm 
flower. Wlien this is the case its insertion is above tliat of the 
stamens and perianth (Fig. 14G //), and tlie ovary is said to bo 



Fio. 146.— Diagram of //, bypogynous ; P, perigysoua ; B, cpig3rtiotM flowers ; o, axis ; k, calyx; 
c, corolla : *, stamoua ; /, carpels ; n. stigma : osule. 

mperior and the flower hypogynotis or inferior, as in Ranunculus, 
Papaver, Lilium, and Primula ; but in a great number of plants the 
perianth and androecium are raised by the more vigorous growth of a 
lower portion of the axis (as represented by the outer portion of the 
toms) and stand on a circular rim surroundins the anex of the aria 
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which lies at a lower lerol ; thus the ovary comes to be inferior. Of 
Ihis condition two different forms occur ; in the one, the carpels are in- 
serted in the depression at the apex of the axis (Fig. 146 P), and there 
form one or more ovaries which are only apparently invested by the 
raised rim of the axis, for they are quite free from it, primarily at least, 
though they may subsequently become adherent to it ; in such cases, 
as in the Rose and Apple, the flower is said to be peri^jttom : in the 
other, the carpels spring from the upper rim of the cavity which is 
formed by the axis itself and simply cover it in at the top : such 
flowers are said to be epigynovSy e.g.. Gourds and XJmbelliferse (Fig. 
146 E), Many transitional forms between these two extremes are 
found. 

The inferior ovary of epigynous flowers is rarely monomerous, that 
is to say, the cavity formed by the axis is but seldom closed by one 
carpel only ; it is commonly polymerous, but it may be either unilo- 
cular or multilocular ; in the latter case, the margins of the carpels 
grow down along the internal surface of the cavity. 

The Style (Figs. 144 and 147) is the slender pro- 
longation of the upper part of the carpel ; monomerous 
ovaries have but one style, polymerous ovaries have as 
many styles as there are car{)els; these may cohere 
throughout their whole length or at their lower parte 
only, the upper parts remaining distinct ; or they may 
remain quite free, and they may even branch. The 
style originally arises from the apex of the ovary, but 
it is frequently displaced forwards, by the vigorous 
development of the dorsal portion of the carpel, on to 
the inner side, so as to appear to be a prolongation of 
the floral axis. This is conspicuous in the Boragineae 
and Lubiatse, where it is surrounded by the four rounded 

Fig. 147. -Gy- of the ovary which have been already men- 

iifBciuin of too ■* 

Lily ; /, ovary ; p, tioued (page 181, and Fig. 258). The style is some- 
Btyie ; n, fttigma times Very short and appears only> as a constriction 
(n»t site between the ovary and the stigma, as in the Poppy. In 

some rare cases it is hollow, but it is usually filled with a loose tissue, 
called condmting tissue, through which the pollen-tube can easily 
penetrate. 

The Stigma (Figs. 144 and 147 ti) is the uppermost end of the 
carpel ; it is distinguished by being covered with papillse, or frequently 
with hairs, and by the secretion of a sticky fluid which retains the 
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tinct from the style, appearing as a lobed expansion; in other cases 
it seems to be merely a portion of the style at its end or sometimes 
on its side. In Papaver it is a sessile disk-shaped expansion on the 
upper surface of the ovary ; more rarely it is represented by bands of 
papillae on the ovary itself, when it is said to be pleurogi/^ious. 

The Ovules are always enclosed in the cavity of the ovary either 
singly or in larger or smaller number. Usually they may be readily 
seen to be appendages of the carpels (Fig. 148 il, j?, C, E)^ but in 



Fio. 148. - DiaKram of the different modes of Placcntation. A. Carpel of noUeboniN. 
opened along the ventral suture ; «, the ovules on (q) tbu marginal placenta. B. Transverse 
section <»f the ovary of Nlcotiawa ; /, wall of the ovarj’ ; ♦/. plaoonta, hirgoly developed by the 
union of the margins of the caijicls (axillary placoutstiou ) C. Transverse section of the 
ovary of Biitoinus. Tbc ovules are scattered over the whole of the inner surface, except the 
midrib, lu (diffuse placentation). D. Ixmgitudinal section of an ovary of one of the Compo' 
sitw : /, the wall ; tbo ovule («) grows from the base by tbc side of the apex of the axis, a. 
B. Longitudinal section of the ovary of one of the UmbcUifcnc ; in each chamber an ovule 
is suspended. F. Longitudinal section of Ubcum ; a single ovule grows from the apex of the 
floral axis. O. Ijongitudiual section of the ovary of one of tbo PrimuUi.'ote ; the ovules grow on 
u special prolongation of the axis (free central placentation). Pig. \\b B represents {larietal 
placentation. 

many caaea they appear to be special organs developed in the cavity 
from the floral axis. However, from careful comparative examination, 
it seems that these apparently axial ovules are to be regarded as being 
originally appendages of the carpels, their position on the axis being 
merely the result of a more or less considerable displacement due to 
the coalescence of the carpels with the axis. That portion of the 
carpels or of the axis which bears the ovules is called the pUieerUu 

(V\a^ US 41 Uft 
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The ovules borne by the carpels are usually marginal^ that is to say 
the placenta occupies a part or the whole of the longitudinal margin 
of each carpel and bears either a single ovule or a single row (rarely 
more than one row) of ovules (Figs. 145 p, 148 ^4 q). In polymerous 
ovaries the coherent margins frequently undergo a considerable 
thickening (Fig. 148 B q). The ovules are more rarely mperfidal^ 
that is to say, borne upon the whole interior surface of the carpel, the 
median nerve however usually remaining free (Fig. 148 C). 

Tlie axial ovules are developed sometimes on the floor of the cavity 
of the ovary (Figs. 129 and 146), sometimes at the side of the apex of 
the axis, as in the Compositae (Fig. 148 D), sometimes as prolonga- 
tions of the axis, as in Piperaceae, and Polygoneas (Fig. 148 -F), some- 
times on a special placenta developed in the cavity of the ovary 
from the apex of the axis e.g., Primulaceas (Fig. 148 G). 

The direction of the ovule varies; it may bo erects (Fig. 148 £), 
F), or mispended (Fig. 148 j^T), or horizontal (Fig. 148 i4) or ascending. 

The Nectarg is a glandular organ which secretes an odorous or 
usually a sweet fluid much sought after by insects. The nectaries are 
not distinct parts of the flower, but are developed on the other organs ; 
thus in Rheum they occur at the base of the stamens ; in the Umbel- 
lifer®, as fleshy excrescences on the carpels ; and in Citrus as an 
outgrowth of the floral axis below the carpels. When they have the 
form of an annular wall or a cushion they are termed dues (e.g., in 
Rhamnus). Sometimes, however, certain leaves of the flower are 
greatly altered in form and entirely diverted from their proper functions 
by the development of the nectaries ; this happens in the Gesnerace® to 
one of the five stamens, to the petals of Helleborus and Aquilegia, and 
to one of the petals of Viola, among many instances. 

Relative Position and Number of the parts of the Flower, Sym- 
metry of the Flower, The leaves forming the flower, like those borne 
by the vegetative part of the stem, are frequently arranged spirally, 
and the divergence is most commonly |, but higher divergences also 
occur, especially in the andrcecium, when numerous small organs are 
inserted upon an expanded axis (o.g., Ranunculus). In the spiral or 
acyclic flower there is either no well-marked distinction of the various 
series, that is, the members of the calyx and of the corolla and the 
stamens are connected by intermediate forms (as in Nympheea), or the 
various series ore sharply defined, each series taking up one or more 
turns of the spiral In the latter case, if the divergence ie constant, 
the members of successive whorls are superposed^ that is, they lie on 
the same radii drawn from the centre of the flower : this is well seen in 



GROUP lY. — PHAKEROOiiMS. 


185 


many UrticinaB where the members of the perianth and the stamens 
are arranged in a oontinnous spiral with a divergence of f , each scries 
taking up two turns of the spiral : here the five stamens are super- 
posed upon the five leaves forming the perianth. 

Many cyclic flowers — flowers, that is, the leaves of wliich are 
arranged in whorls — are very closely related to the latter form of 
acyclic flowers ; thin is shown by the fact that those two modes of 
arrangement are exhibited not only by the flowers of closely allied 
plants, but also by flowers of the same species. In this case, instead 
of tliere being five perianth leaves taking up two turns of a spiral with 
a divergence of four or six leaves are present, arranged in two 
whorls consisting of two or three loaves respectively. Since the same 
arrangement exists in the andropcium, these two series of organs form 
four regularly alternating whorls each consisting of two or three 
members. The two whorls of the perianth may bo differentiated, as 
in many Monocotyledons, into calyx and corolla, or they may 
together form a simple perianth as in many Juliflorco and 
Polygoneae. 

In other cyclic flowers the alternating whorls consist each of five 
members, and in these cases too, two of the whorls (calyx and corolla) 
belong to the perianth, the other two to the andropcium. If instead 
of five, only four members are present in each, the calyx usually 
consists of two whorls each of two members, with which the whorl of 
petals alternates. When the perianth is differemtiated into calyx and 
corolla and two whorls of stamens— consisting of the same number of 
members — are present, one whorl of stamens is opposite to or 
superposed on the calyx, and the other is superposed on the 
corolla. Other less frequent modes of arrangement will bo 
treated of in connection with the plants in which they occur. 

When cyclic flowers consist of alternating whorls each containing 
the same number of members, they are said to be mcyclic. The 
number of members in a whorl is indicatcxl by the expressions di-, tri-, 
tetra-, penta-merous, &c. ; whorls containing the same number of mem- 
bers are said to be isomerous. When the organs of a flower are 
arranged, some in whorls (usually in the perianth) and the others in 
a spiral (usually in the androecium), the flower is said to bo Jurniicycilc, 

These various arrangements, as in the case of the arrangement of 
the foliage leaves, are most clearly represented by means of diagrams. 
In a floral diagram, the calyx lies externally, and the gynoecium, as 
being the uppermost series or organs (even in epigynous flowers), lies 
moat internally. In order to be able readily to distinguish the various 
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series, symbols are used which recall some peculiarity of their form : 
thus the mid-rib of the sepals is indicated, and in the case of the 
stamens, the anthers. 

If only such relations of position as can be observed in a dower are 
indicated in the diagram, a simply empirical dUigram is the result. 
If, however, the results of the investigation of the development of 
the dower and of the comparison of it with others be borne in mind^ 
a general plan of arrangement will be detected, and the individual 
jieculiarities of arrangement, quite apart from any variation in the 
form of the organs, will be seen to be due either to the suppression 
of one or more whorls or of one or more members of a whorl, 
or, more rarely, to a multiplication of the whorls or of their mem- 
bers. If however the organs which are absent, but which should be 



Pio. 149.-* Floral Diagram 
of a LUy. 



Fia. 150.— Floral Diagram 
of a Grass. 





Fio. 151. — Floral Dia- 
gram of a Crticifer ; the 
median stamens are 
doubled. 




Pio. 152. — Floral Dla- 


typically present, be indicated in the empirical 
diagram as dots, it becomes a theoretical diagram. 
In this way it is possible to arrive at general 
types on which large numbers of dowers are con- 
structed. Fig. 149, for instance, is the empirical 
diagram of the dower of the Lily, and it is at 
the same time the type on which the dower of 
Grasses (Fig. 150) is constructed in which certain 
gram of Diotamnus : the organs are suppressed. 

Under the head of multiplication of parts, 
dispiaoed, no that they lie reduplication or pleiomery — that is, the forma- 
betw^th<^ of tiw lower members in a whorl in place of one 

i«n" dZ —(Fig. 151) must be especially considered. This 
placed, so that they are jg ^he result either of the branching of a member 
“ “t ““ early stage, or of the original develop- 

ent of two members in the place of one. 

. The regular alternation of the whorls (especially when they consist 
of four or five members) in encyclic fiowers is often disturbed by a 
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displacement of sncb a nature, that the inner staminal whorl, which 
is normally superposed on the petals and alternates with the sepals, 
comes to lie in the same plane as the outer whorl, or even externally 
to it (Fig. 152). 

Hitherto nothing has been said as to tlie arrangement of the 
gynoecium in the flower, for it does not stand in such simple relations 
with the other series of oi^ns as tliey do to each other. Very 
frequently the number of carpels is smaller than tliat of the organs of 
the other series, and in such a case their arrangement is quite irregular. 
If the gynoecium is isomerous with the calyx, corolla and andrcncium, 
the carpels usually alternate with the inner whorl of stamens, os in 
most Monocotyledons (Fig. 149). When the ahove-nioiitioned dis- 
placement occurs in the andrceciuni, the carpels somotimtis altorimto 
with the actually inienial whorl of stamens, soinetimcs with the 
whorl which was primarily inteniai. 

The number and the relations of the different parts of the flower 
may be indicated not by diagrams only, but also by formulro in which, 
as in the diagrams, for the sake of elearm'ss, all the j>eculiariiit^s of 
development are overlooked. Thus the diagnim (Fig. 149) may be 
expressed by the formula 03, ^43 + 3, which means that 
the calyx A', and the corolla 0, each consist of a single whorl of three 
members, the aiidrcecium of two whorls each of tlinn*, members, and 
the gynoecium of one whorl of three membt‘rs, all in regular alterna- 
tion. When one whorl is superposed on another, the siiperposiLion is 
indicated in the formula by a line | l)etween th(i whorls. If 
the number of members in any wliorl is variable, the letter n is used 
instead of a number. Thus, for instance, 7vn, On, An n, On is th(^ 
theoretical formula of most Monocotyledons. The absenct^ of a wliorl 
is expressed ])y a cypher 0, and of individual inombei’s by the nundier 
of those actually present. I’lius the formula for the flower of a Grass 
(Fig. 150) is AO, 02, A3 -i- 0, 'J'he bracket in which tlic 

number of the carjiels of the gynoecium O is here enclosed, indicates 
that the members thus bracketted are coliereut. Sujxjrior and inferior 
ovaries are indicated by a stroke above or Udow the corresponding 
figure, and reduj»lication by the exponent 2 ; thus the diagram (Fig. 
151) is represen te(l by the formula A2 + 2, O x 4, A2 -h 2‘\ 
the X after 0 indicating that the position of the petals is diagonal, 
ie., that the four petals alternate witli the four sepals as if the latter 
all belonged to the same whorL Staminodia may be distinguished by 
a t before the figure. The position of the carpels in those cases hi 
which the above-mentioned displacements of the stamens have occurred 
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is indicated by a | placed before the number, which means that they 
are superposed on the petals. When the perianth is not dififerentiated 
into calyx and corolla, it is expressed by the letter P: thus, the 
formula for the flower of Asarum is P3 A6 + 6, 

The relations of position between the floral organs and the leaves 
which precede them yet remain to be considered. These can be most 
readily made out in the case of a lateral flower ; of a flower, that is, 
the axis (peduncle) of which springs from the axil of one of the leaves 
of the main stem, and bears no leaves except the bracteolcs and the floral 
organs themselves. A plane which passes through the flower, and also 
through the main stem and the median line of the subtending leaf (bract) 
is termed the median plane or section of the flower ; the plane which 
cuts this one at right angles is termed the lateral plane or section; and 
the plane which bisects the angles made by the median and lateral 
planes is the diagonal plane or section. By means of these expressions 
the positions of the parts of a flower may be accurately indicated ; thus, 
in speaking of the flower of the Cruciferse (Fig. 151), the external 
whorl of sepals lies in the median plane, the carpels in the lateral, the 
petals in the diagonal. In all floral diagrams the position of the main 
axis should be indicated by a dot placed above the diagram ; the 
bract, wdiich would be of course exactly opposite to it, need not 

be indicated. The side to- 
wards the main axis is said to 
be 'posterior^ and that towards 
the subtending leaf, anterior. 
Many flowers, most Mono- 
cotyledons for instance, have 
only one bracteole(prophyllum) 
which is nearly always placed 
opposite to the bract, that is, 
posteriorly to the flower. When 
this is the case, a leaf of the 
trimerous calyx (when the flower 
is spiral, the^rs^ leaf) is placed 
anteriorly. 

If two lateral bracteoles are pre- 

Fio. 158.— Flower of a Heracieum wita a Zygo- sent (usually indicated as a and/8), 
morphic Corolla (mag.). ^ Dicoty- 

ledons, the sepals, if the calyx is dimerous, are median ; if the calyx 
is trimerous or pentamerous (whether it be wborled or spiral), one 
sepal is median and posterior; 
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It is obvious that such a flower as that represented in Fig. 153 can 
be divided into two symmetrical halves, resembling each other as an 
object and its reflected image, in one plane only, and that a vertical 
plane. In this case this plane coincides with the median plane of 
the flower. 

Flowers which can be divided, like the one in Fig. 153, into two 
* symmetrical halves in one plane only (which may or may not coincide 
with the median plane) are said to be niommjtnmetncal or zygminorphir.^ 
and in systematic works they are termed irregular. If a flower can 
be symmetrically divided in more than one plane, it is said to be 
polysymmetricaL In such flowers two cases may occur : in the one, 
the flower is regular or adimmwrphic^ tluit is, the halves p^diicod by 
all possible sections are similar, or in other words, the flower may be 
divided into a number of similar sectors (see the diagrams. Figs. 149 
and 152); in the other, the halves produced hy one setdion are unlike 
those produced by anotlier, and such flowers also are said to be zygo- 
morphic. Those flowers arc sai<l to be irregular or oHyiinnetrlcal 
which cannot be symmetrically divided by any section whatever. 

These expressions apply as well to the relations of ])OBition and num- 
ber as indiciited in floral diagrams, as to the form of the perfect flower. 
It frequently happens that a flower which is more or less regular at its 
first appearance subsequently becomes zygomorphic, ns in Dictamnus 
and in the Leguminosse and I^abiatae ; spiral flowers also, the diagrams 
of which do not indicate any such condition, often assume a zy^jO- 
morphic form, as in Aconitum. 

Actinomor|)hic flowers sometimes occur abnormally, more especially 
near the extremity of the axis of infloresi-ence, in plants the flowers of 
which are normally zygomorphic. Such flowers are said to hapeloric. 

PoUinatim. It is essential as a preliminary h; fertilisation, that 
the pollen should be conveyed to the stigma. In a great number of 
hermaphrodite flowers, particularly such as are small and inconsjiicu- 
ous, the pollen is conveyed to the stigma of the same flower by very 
simple means ; in some cases the pollen falls on to the stigma which 
lies at a lower level than the anthers, in others the close juxtaposition 
of the organs allows of its immediate transfer to the stigma so soon as 
the anthers open. In all these cases the fertilisation is j)erfectly 
efifected by the pollen of the same flower. It is, however, self-evident 
that, when flowers are diclinous, the pollen must be conveyed to 
the stigma of one flower from another ; and it is now known that in 
a vast number of heimaphrodite flowers also, pollination is commonly 
effected by the transfer of pollen from one flower to another (crust 
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fertUiiotiovi), The conveyance of the pollen is efifected in the caise of a 
number of plants with inconspicuous flowers, such as the different Cer- 
eals, by the agency of the wind; but in the case of such flowers as are con- 
spicuous by their size, colour, perfume, and by their copious secretion of 
honey, the insects which visit the flowers for the sake of the honey as 
well as to gather pollen for food, perform this important function. In 
some of these cases it has been demonstrated that it is only the pollen of 
other flowers which can effect fertilisation, that the pollen of the flower 
itself is useless, or even injurious, and that consequently cross-fertilisa- 
tion is indispensable. In other cases the pollen of the same flower, 
though not absolutely useless, has far less fertilising power than that 
of another flower; under these circumstances cross-fertilisation is 
advautageoua In other coses again the pollen of the flower itself has 
as powerful a fertilising effect os the pollen of other flowers, but the 
superiority of cross-fertilisation is shown by the greater vigour of the 
progeny which are the issue of the crossing of two individuals. 

In those flowers to which cross-fertilisation is indispensable or at 
least important, the most various contrivances are exhibited for the 
purpose of hindering or limiting self-fertilisation on the one hand, and 
on the other of facilitating cross-fertilisation, or finally, in default of 
• cross-fertilisation, of ensuring ultimate self-fertilisation ; this last, of 
course, only in those cases in which the pollen of the flower itself 
is capable of fertilising it ; for it is evident that self-fertilisation, even 
if not very advantageous, is at anyrate of some use to the plant 

Among the contrivances for the prevention of self-fertilisation one 
of the simplest is the arrangement of the anthers and stigma in such 
positions that the pollen cannot possibly reach the stigma of the same 
flower, e.g., Aristolochia (Fig. 154), or secondly, the abortion of all 
the male organs in some flowers or of all the female organs in others ; 
in such flowers the organs in question are present but they are not 
functional. I'his is an approach to the diclinous condition ; it occurs 
in the Tiger-lily, in which the anthers are commonly abortive in some 
flowers and the ovaries in others. Thirdly, dichogamy frequently 
occurs, that is, that the stigmas and stamens attain their functional 
activity at different times ; flowers in which this occurs are either 
proiandrmia^ that is, the anthers are first developed and have already 
shed their pollen when the stigma of the same flower is capable of 
receiving it, or they are protogynous^ that is, the stigma '^is fully 
developed b^ore the anthers of the same flower are ready to shed their 
‘.pollen : in the latter case self-fertilisation is obviously only excluded 
^if the stigma is withered before the'pollep is slied ; there are, however. 
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pTotogynouB flowers in which the stigma remains fresh for a long tinio 
and which may be fertilised by their own pollen. 

Among the contrivances which lead to tlie cross-fertilisation of 
flowere by the agency of insects, the means of tempting insects to visit 
the flowers, such as bright colours, odours, and the secretion of honejr, 
must be first mentioned. The peculiar marking of the flower serves 
in many cases the purpose of guiding insects to the nectary. The form 
of the flower, the situation of the honey, the position of the stamens 
and their relation to the otlier parts of the flower, particularly to tho 
stigma, the relative development in point of time of the ditferont parts, 
all these circumstances combine and co-operate to secure cross-fertilisa- 
tion, and sometimes to allow of tho visits of particular insects only, as 
for instance of butterflies with long prohosces. Tlicre 81*0 also cases 
in which the insects must occasionally convey the pollen to the stigma 
of the same flower. A simple arrangement of this kind known as 
heterostylism or di mirphiinm and which occurs in tlie IVimulacea', 
PulmonariesB and others may be inentioiuid heie. These plants havo 
two kinds of flowei’s ; in one form the stamens are short and the stylo 
much longer, so that the stigma jmyccts above the anthers ; in the 
other form, on tho contrary, the antliers are on long filnments above 
the stigma, and they are so constructed that tho anthers of one form 
stand on tho same level as tho stigma of tho other . (v. Fig. 250). 
From the position of the nectary and the fonn of the lest of the flower, 
an insect visiting it is obliged to take up the same position at oucli 
visit ; consequently after it has visited a flower of the kind one when 
it visits a flower of the other kind, it touclnis the stigma of tho latter 
with the same part of its body with wliich in the first flower it 
brushed the anthers, and thus the pollen wliieh it carried away with 
it from the anthers of the one flower is tninsferred to the stigma of 
the other. Observations made by artifieially transjwrting the pollen 
have shown that fertilisation is most complete whcm tho pollen of 
stamens of a certain length is conveyed to the stigma of a style of tho 
same length. The same is tho case with trlmorphic plants, e.g., 
Oxalis : in thtjse, tliree forms of flowers occur with three difierent 
lengths of styles and stamens. 

As examples of more complicated contrivances for the purpose of 
securing cross-fertilisation Aristolochia and Epipactis may ho described. 

The flower of Aristohjchia Clematitis (Fig. 154) is protogynous; 
insects can penetrate without difficulty down the tube of the i>erianth 
which is furnished on its internal aspect with hairs which point 
downwards, and they thus convey the pollen they have brought with 
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them from other flowers, to the stigma ; the hairs, however, prevent 
their return. When the pollen has reached the stigma, its lobes (Fig. 
154 and B w), spring upwards, and thus the anthers, which now 
begin to open, are made accessible to the insects ; these, in their efforts 
to escape (Fig. 154 Z), creep round the anthers and some of the pollen 
adheres to them ; by this time the hairs in the tube have withered, 
and the insect escapes, dusted over with pollen which, in spite of 
experience, it proceeds to convey in like manner to another flower. 



Fia 154.— Flower of Arietolochio. A. Before, 
And P, ftftcqr fertilisation ; r, the tube of the 
perianth ; it, the cavity below ; n, stigma ; a, 
anthers : U «n insect ; kf, ovary (after Sachs). 



Pro. 155.— Epipactis laiifolxa, A. Longi- 
tudinal section through a flower-bud. B. 
Open flower after removal of the perianth, 
with the exception of the labollum, 1. C. The 
reproductive organs, after the removal of the 
perianth, seen from below and in front, 
n as A. The point of a lead-pencil (5) in- 
serted after the manner of the proboscis of 
an insect. E and P. The Icad-itencll with 
the pollinia attached ; /JT, ovary ; f , labellum. 
its sac-like depression serving os a nectary ; 
n, the broad stigma ; cn, the connective of 
the single fertile anther ; p. pollinia ; A. the 
rostellum ; z, z, the two lateral gland-like 
staminodos : t, place where the labellum has 
been cut off ; «, the columnar style (after 
Sachs). 


Those flowers which are ready for fertilisation have an erect position, 
and the tube of the perianth is open above so that the insect can 
readily enter ; after fertilisation the peduncle bends downwards and 
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the tube is closed by the broad lobe of the perianth, so that it is 
impossible for insects to enter flowers which have been fertilised. 

In the flower of Epipactis (one of the Orchidaceie), the anther is 
situated al)Ove the stigma and does not shed its pollen in isolated 
grains ; but when a certain sticky portion of the stigma, known as the 
rogtellum (Fig. 155 h) is touched, the entire pollen-siics, together with 
the rostellum itself, an* carried away. The insect creeps into the 
flower to obtain the honey whioli is secreted in the cavity of one of 
the leaves of the j>orianth, the hiMlum (Fig. 140 /), and, as it with- 
draws from the flower, it carries away tlio rostellum with the pollen- 
masses (poUinia), (In Fig. 155 the point of a pencil h has been 
intro<luccHl into the flower and the rostellum has adhered to it). The 
insect, on entering the next flower, deposits the pollen upon the stigma. 

In the course of frocpient cross-fertilisation it is inevitahle that the 
pollen of other species of plants should be applied to the stigma, but 
while the pollen of plants of very different species is wholly without 
effect, that of nearly allied species, particularly those belonging to tin*, 
same genus in certain groups, has a fertilising effect ; the result of 
such fertilisation is hybrldisaiiony that is the (h*v(*lopment of a plant 
which combines the characters of both parents to a certaiji t*xtent, and 
which is known as a htufnrd or ht/brid. Hybrids are for the Jnost 
jvirt sterile among themselves, but an* often fertile when enussed again 
with a p^nt of either of the parent-species or of some allied s})ecieH. 


Wliile hybrids are produced 
with great (*ase in certain 
genera, as Salix and Cirsium, 
in others the artificial pro- 
duction (d hybrids has never 
yet Ixjen found possible even 
Ijetwecn very closely allied 
species, as the Apple and Pear. 

Fertilisation. A f ti*r reach- 
ing the stigma the pollen- 
grains protrude the jiollen- 
tubes which penetrate 



Fio, l.'iC. — DJogrom of tui ovule nhortly aft^T 
fertilination : a, outer, and i, inner Intognment ; /, 


through the tissue of the ^»nlcle : t, nucleus, s. Embryo-sac In whicli S is 
• i. * 4 . t embryo devolopod from the fertilised cK>M|»her6. 

style into the cavity of the the end«,p«rm wbid. u f«m.od 


ovaiy, and through the micro- *>y fiw«oll-foniuitioii. P. The iwUen-tubc, pualay 
pyle of each ovule to ite ^ 


nucleus -(Fig. 156 P w). The time required by the polIen-tul)e for 


this process depends partly on its distance from the ovule and partly 
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on the specific peculiarities of the plant ; thus the pollen-tube of the 
Crocus takes only from one to three days to traverse the style which 
is from 5 to 10 centimetres in length ; but in the Orchids, where the 
length of the style varies from 2 to 3 millimetres, several days, weeks, 
or even months are needed, and it is during this process that the ovules 
aio formed in the ovary. 

In the Angiosperms the embryo-sac always lies at the anterior end 
of the nucleus, and it sometimes projects from the micropyla It contains 
three cells at its posterior and three at its anterior end ; it is one of 
these latter which is the oo^pheix and which becomes fertilised by the 



pollen-tube. In consequence 
of fertilisation, it becomes 
surrounded by a cell-wall, 
and elongates to form the 
mspensoVy at the posterior 
^ • end of which the embryo is 

Fio. 167.— Soctlona of ripe soeds. A. Nux vomica, developed (Fig» 156 E), 

showing A, endoBperm. J5. Pli)er, showing both endo- 

.perm, S. and porUponn, P. C. Almond, devoid of Meanwhile the rest of the 
endosperm ; j», the testa ; e, embryo ; w, its radicle ; sac becOlllCS filled with ttldo- 
f, c, its cotyledons. sperm ; this is usually first 

foniied by free-cell formation, but in many cases it arises by the division 
of the embryo-sac. 

In the endosperm the nutritious substances which will be needed by 
the young plant when it genninates, are stored up. In many seeds 
the wdiole or the greater part of the endosperm is absorbed by the grow- 
ing embryo ; in that case the nutritious substances are deposited either 
in the persistent and increasing tissue of the nucleus (as in Canna 
and Piper Fig. 157 B i*), which is called the penepernij or in the 
germ itself, in its cotyledons which attain a considerable size (as in 
Ilean, Horse chestnut and Almond, Fig. 157 (7). 

The Fruit The results of fertilisation are not manifested only in 
the formation of the embryo from the oosphere and of the seed from 
the ovule ; but they extend to the whole of the gynoecium and 
occasionally even. to other parts of the flower. 

The word fruit, in its strictest sense, means the whole product 
of the development of the gynoecium as a result of fertilisation. If 
other parts of the flower take part in the formation of the organ which 
is formed in consequence of fertilisation and which contains the seed 
(of what, in short, is commonly called the fruit), it is termed a 
sfmrious fruit The apple, for instance, is such a spurious fruit, for 
the outer fleshy part belongs to that part of the axis of the perigynous 
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flower which gurrounds the ovary and which still bears the sepals 
(y. Fig. 242 Z>). What are called the pips of the apple arc the seeds. 
The strawberry also is a spurious fruit : in it tlio receptacle, which 
belongs of course to the axis, developes largely and becomes fleshy and 
l>ear8 the true fruits in the form of small hard grains. The fig is 
another example of a spurious fruit (Fig.194); it is in fact a fleshy rccej>- 
tacle (i.e., an axis) which bears a multitude of distinct flowers situated 
inside the cavity of the fig, and tlie individual fruits a}>pear ashard grains. 
In other cases, a husk, called the cupula is formed, whicdi contributes 
to the formation of a spurious fruit : this is formed of loaves and is 
not developed until after fertilisiition ; it may surround either a solitary 
distinct fniit, like the acorn-cuj» (Fig. 200), or several distinct fruits, 
like the four-valved spiky husk (d the Bcech-trec^ or the prickly husk 
of the edible Chestnut. 


When the fniit consists of one or more monomeroiis ovai ies, it is 
said to Ih} ajutcarpotM : examjdes of this occur in Kanunculus, in the 
Raspberry, where the individual ovaries are succulent, and in the Star- 
anise (Fig. 158). The imlivi- 
«lnal fruits may be developed 

in very different ways ; they /rwhPjJy 

may he dehiscent or inJehis- 

cent, dry or succnilent. p |||[|| ||J 

When , the fniit consists of 
a single polymerous ovary, it 
is said to 1)0 
When the loculi of such a 

fruit separate from each otiicr Al \| 

during t lie process of ripening, /,/. tbo«oi>amt. fniit«.oiicU I lm\ 

so that it ultimately apiujars as U i IIJ 

if a number of distinct fruits 

were present, it is termed a K 

schizocarp ; each of these is ^ 

termed a truinrarp when two ^ ^ 

only are present, as in the Um- ba* divided into two ruorlt^ariw (m), a portion of 
bellifer® (Fig. 159 ); in the W 'om. the car^boro. 

Geraniaceae, where there are several distinct fniits, each is teniiral a 
coccus; and in the Maple cacdi fruit is winged and is termed a 
samara. The individual cocci are always indehiscent. 

In various multilocular ovaries only one loculus becomes fully de- 
veloped and bears seeds, as in Valerian and the Oak ; the others are 
abortive. It happens in rare cases that the fruit becomes perfectly 


Fio, 1&9. —Cnnnfl Curui, one of tbo Uml>cUlfem 
A. Ovary of the flower S. Illpo fruit which 
boA divided Into two rnori(;ar|>M (m), a portion of 
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formed without any development of seed or embryo, as in a particular 
seedless variety of Grai)e. 

In all true fruits the wall of the ovary forms the pericarp or rind ; 
this usually consists of three distinct layers ; the external layer 
is the epicarpy the middle the mesocarp, and the innermost the 
ejidocarp. The following varieties of true fruits have been distin- 
guished by the peculiarities of these three layers of their walls — 
whether they are dry or succulent, hard or soft, — ^and by the mode in 
which the fruit opens to allow the seed to escape. 

A. Dry Fruits : the pericarp is woody or coriaceous ; the sap has 
usually disappeared from all the cells, 

L Dry IndeJii^ccnt Fruits; the pericarp does not rupture, but 
encloses the seed until germination; the testa is usually thin and 
frequently coalescent with the pericarp. 

(1). One-seeded fruits : 



Pio. 160. —Dry dehiscent fruits. A. The pod (l^Tume) of the Pea ; r, the dorsal suture ; 6, 
the rontral ; c, calyx ; s. seeds. A. Septiddal capsule of Cofehicum autumnaU : /, /, the three 

separatiug carpels. C, Biliqua of Brassica ; the valves ; «p, the dissepiment (replum) : 
$, seeds ; g, style ; n, stigma. D. Capsule, openingf by pores, of Papavtr »omni/eruni, the 
Poppy : n. stigma ; the pores which open by the removal of the valves (o). E. F^^xidium 
of Hyoqpyamus ; d, the Ud ; w, the dissepiment ; seeds. 
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(a) . The nut ( gtans) e.g., hazel>iiut (bat not the walnut) ; tlio 

dry pericarp is hard and sclerenchymatoua. 

(b) . The achene or caryojiitfw (superior) : the pericarp is thin and cori- 

aceous; e.g., the fruit of Grasses, of the Rose and the But- 
tercup. The fruit of the Coinpositse is a ey}>sda (inferior). 

(2). Many-seeded fruits {achizacarpn ) ; these comnionly split into one- 
seeded fruits, which usually enclose the solitary seeds until germina- 
tion, e.g., the TTmbelliferae (Fig. 159), Gcraniaceaii and Maple. 

II. Dry Dehiscent Fniits, The pericarp ruptures and allows the 
seeds to escajui ; the testa is usually firm and thick ; they are com- 
monly many-seeded. 

( 1 ). Deh iscence lonyi twlinah 

(a). The follicle, consisting of a single carpel which oi^ens 
along the ventral suture where also the seeds are lK)rne, 
e.g., J^iPonia and lllieium (Fig. 158). 

(/>). The leyiune (^r pod likewise consists of but one carpel 
which o[iens along both the dorsal and ventral sutures 
(Fig. 160 Iran verse section Fig. 145 ^4) : e.g., the 
Vetch, l*ea, Bean and all the Leguminosie ; in some 
Ciis<‘s (Astragaluvs) a .spurious di.s.se])iment occurs. 

(/?). The sillqaa, consists of two carpels. I'lie two carj)C‘l3 
when ripe separate from the base upwards into two 
valves, and from the spurious <liss4jpimont {repitnn) 
which remains attiched to the aj)(*x of the peduncle ; e.g.. 
Rape, Mustard, and most of the Crucifer(e (Fig. 160 (J) 
(d). The capsule is derived from a p dymerous ovary whicdi may 
be uni- or multilocular ; it splits into two f)r mort*. valves 
either for a short distance only from the apex down- 
wards, or down to 
the very base (Fig. 

160 B). If the 
carpels become also 
se j>arated from each 
other, and in the 
case of multilocular 
ovaries this invol- 
ves the splitting of 
the dissepiments c 

(Fi<^. 161 A) the Fio.isi.— Diagrammatic »«ctlon« of <lchi«cent 
^ - capeulea. A. Bepticidal, £, kjcuHcidal, C; septi- 

dehiscence is said fragal dahl«oeucc. 
to be aepticidal ; if, on the other hand, each carpel 
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splits along its dorsal suture, the dehiscence is said to 
he loculicidal (Fig. 161 B)» In multilocular ovaries 
the dissepiments may be persistent and remain either 
attached to the middle of the valves (Fig. 161 B), or 
united into a column which is free from the valves ; in 
this case the dehiscence is said to be septifragal (Fig. 
161 C), 

(2) . The form known as pyxidiwn has a transverse dehiscence, e.g., 
in Plantago, Anagallis, Hyoscyamus (Fig. 160 E)\ the upper part 
falls off like a lid. 

(3) . ThQporoits capmle^ e.g., the Poppy (Fig. 160 D) sheds its seeds 
through small holes arising from the removal of small portions of the 
wall in certain spots. 

P. Sncndent Fruits. In these the pericarp (or at least some layers 
of it), retains its sap until it is rijie and usually becomes fleshy at that 
stage. 

(!)• The dnipe (Fig. 162) e.g., the Plum, 
^^^i^'rry and Walnut. The most internal layer, 
the endocarp, is very hard and sclercnchymatous 
(Fig. 162 F) and encloses the seed until germi- 
io/ WP % i the mesocarp is genenilly succulent, and 
SI 'Jl K the epicarp is a delicate membrane. 

herry (hfurii); the endocarp is soft 
and juicy as well as the mesocarp, so that the 
solitary hard seeds are imlxidded in the pericarp : 
^ there may lie one seed oiily, e.g., tlie Pate, or 
Fio. i62.-Lon^tudiiiai Qourd, CuiTant, aiul drape. 

soctioi) of tho dnipo of tbo i i • 

Almond: j», the seed at- The Oraiigc and Leuion also come under this 

tacbed by the funiclc ffJ: Jjcad. 

the^^meao^V:*' the The seeds of dehiscent fruits are usually pro- 
epicani — those constitute vi(Jed with various contrivances to ensure their 
the i>erican> dispemioii ; in the case of indehiscent fruits, the 

fruit itself is thus provided : of this nature are the wing-like appen- 
dages of the fruit of the Maple and of the seeds of many Caryophyllace- 
ous plants, the hairs upon the fruit of the Compositae, and upon the 
seeds of the Cotton, the Willow, and the Poplar. The coats of many 
fruits and seeds have layers of. cells which become extremely mucilar 
ginous, e.g., the Quince, the Flax (linseed), and the Plantain. The 
fruits of Geranium and allied genera have long beaks by means of 
which they bury themselves in the soil. 

Some seeds begin to germinate as soon as they are shed, but for the 
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most part a period of rest is requisite ; if this is too much prolonged 
they lose their germinating power. 

The Infloresceticf*. It is only in compamtively few plants that the 
first or main axis terminates in a flower ; such plants are said to l»e 
unifixfal : it is not usually till the second or third branch, or one of 
even a higher order is developed, that a flower is produced ; such 
plants are saitl to be tn\ or pohj-fixiah 

The floral axis of Angiosperms frequently forms an elaborate branch- 
system whhrh is usually sharjdy defined from the vegetative 
part of the plant, and wliich luiars no leafy structures beyond those of 
tlie flower except bracts. This is known as tlie inflorosccHce. 

In the inflf)reseence, as usually in all parts of the Angiosperms, tlio 
branching is almost always monopodial and axillary. Some appartmt 
excei>tions may b(3 easily reduced to this type ; thus, in the raceim‘s 
of most of the CVucifera) the bracts at the basi's of the individual 
]H‘(licels are ab(»rtive, and the same occurs in many of the C’omposiUe ; 
in the Solano, e and lloraginea' the bract often inuhTgoes (lisj>lacement, 
so tliat it appears to be plaiaid at the side of the axillary shoot ; on the 
other hand, it sometimes occurs that the axillary shoot is for some dis- 
tance adh(‘rent to the main shoot. 

A long flower-stalk with no leaves or with only a few small bracts, 
which hears at its nj)per (Uid a crowded or a sliaiply iletimHl inflores- 
cence, is called a 

In accordance with tlie principles of hrancliing alnwly laid down 
on ])ag(* 19, the different forms of infloreseence may bo classified as 
f<ilh)ws ; 

A. Racnnnsd inflimiAcencci* : comsisting «'f a main axis or racliis 
bearing a number of latcml Iminedies wbn b liave been developed in 
a<-ropetiil succession ; the lateral shoots do not usually grow longer 
than that portion of the main axis which lies above their ins( 3 rtion. 
It is immaterial whetlier or not the main axis terminates in a flower. 
If the lateral slioots of the first order — i.e., tliosi* wliieh spring dinictly 
from the main axis of the inflore.scencc* — tenninate in a flower without 
any further ramification the inflor(*8cenre. is said to be 

I. Simple ; 

(«) With an elomjaied axu : the lateral shoots, which are tin* 
pedicels, spring from the axis at some disUince from each other. The 
three following fonns may be distinguished ; 

(1) Th^ sjnhe, in which the flowers are sessile on the floral axis, 
or have very short pedicels (Fig. 163 A) e.g., the male spike of 
Carex. 
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(2) . The spadix^ which differs from the spike only in having a thick 
and fleshy axis; a large bract forming a sheath, called a epathe^ 
commonly grows at the base of the inflorescence and envelopes it more 
or less ; e.g., Arum and llichardia. 

(3) . The raceim^ in which the flowers have long pedicels of nearly 
equal length ; e.g., the Cruciferse, as the Radish, Cabbiige, &c. ; in 
these the bracts of the individual flowers are not developed ; also Ber- 
beris and others, but not the Grape-vine {v, below No. 7). 

(/3) With a short axis ; the flowers arc set clos(dy together on the 
short or flattened main axis. 

(4) . The mpitulum (head) in which the short main axis is conical 
or disc-shaped or even hollowed out, and is closely covered with sessile 

flowers (Fig. 163 
1)) ; e.g,, the Com- 
positfe, as Dande- 
lion, Sunflower; 
also the Scabious. 
The hracteoles 
(palese) of the indi- 
vidual flowers 
(Fig. 163 Dp) are 
sometimes want- 
ing; but the 
wdiole luiud is sur- 
rounded at the 
base by a number 
of bracts forming an involucre (Fig. 163 D c) wdiich gives the in- 
florescence the appeamnee of being one flow-er. 

(5) . The uml>cl, composed of a large number of flowers with long 
pedicels which spring together from a very short axis which commonly 
terminates in a flow'er (Fig. 163 (7 d ) ; e.g., the Ivy. Tlie bracts of 
the separate i)edicels forming the rays, are usually present in diminished 
number ; they form an involucre. 

II. Compound racenum inflorescences are formed wdien the lateral 
shoots wdiich betir the flowers as described above are again branched, or, 
in other words, wdien inflorescences of the types above enumerated are 
united to form a larger inflorescence ; for instance, when several 
capitula are arranged on the main axis in the same way as the flowers 
of a raceme. The same terms are applied to the first ramification of 
the compound inflorescence as to the simple ones described above ; the 
above-mentioned example, for instance, is a raceme of capitula and is 



Pin. lOJJ, — Piagramf) of the varietlos of mcemoflo inflorescences, 
A. Hpiko. B. Cuinpoinui mccnio. C. Coinixmnd uiulx'l : d, rays 
of the iinibol ; i, involucre ; secondary mys of tho unibellulie ; 
i iuvolucol. i>. A capitulum ; i, involucre ; b, flower ; paletu. 
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termed a capitulate raceme. Compound inflorescences may bo classificxl 
as follows : 

(«) Hmnogeneomhj cmnpouml ; in those the branches of the first 
and second (or higher) orders are of the same character. 

(6) . The cmn^mind spih^ ; in this form many simple spikes are 
arranged on the main axis of the inflorosoence in the same M'ay as the 
flowers in a simple spike, or, in other words, the main axis of the 
spike gives rise to secondary spikes instead of U) single flowers ; e.g., 
the inflorescence of Wheat, Itye, tic. 

(7) . The roinpouml raceme ; in this case smaller racemes grow on tlio 
main axis of the raceme ; the ramilication is in many cas(« still further 
r(*peatod in such a way that it is more complex at the Imse of the j)ri- 
mary raceme than towards tlie apex ; e.g., the OmpeA'ine (Fig. 163 /f). 

(8) . The comjMmiifl iimitcl (Fig. 1G3 C). Tliis is far mon^ common 
than a simple umbel and is in fact usually culled an umlxd ; the sejxirate 
simple umbels (Fig. 163 C d) are then called umlKdlules and their 
res]K‘ctive involucres are involucels. 

(/3) Ilefermjeuetnudif compouiftf i nfloremmcen ; in these the bran- 
ches of the different orders are dissimilar. In consetpience of this 
srj many complicated forms arise that it is im[M»ssible to enumemt(» 
ami name all the combinations. As examples the following will only 
Ikj mentioned : the capitulate raceme.^ which consists of a number of 
cjipitula arranged in a rm^uiie; it occurs in many of the Com[)osita*, 
e.g., Petasites : the spicate c.aj)lfiiluw, which c-onsists of .sovt^ral spiki^s 
b»rniing a capitulum as in the Scirpea; : the nplcaie raceme, wdiieh 
occurs in many Grasses, in w^hich the last branches of a compouml 
raceme are spikes. 

B. Cijmase luflorescenrex. The. main axis, which terminates in a 
flower, produce.-^ Ixdow its apex om* or a few lateral branches -rarely 
several — wdiich also terminate in flowers, but grow im»ro vigorously 
than the main axis and rejM3iit the siime ty^s* of ramification. 

I. In tlie simple cyme the raiuifictitiou in the secondary and higher 
orders follow^s the same tyjxj. 

(a) Without a pse.ud’axls : (.see page 20). 

(9) . The cyme : beneath the t<3rininal flower spring seven I — three? 
or more — lateral .si mots of ecjual vigour, e.g., many FiUphorbia?. This 
inflorescence greatly rt'sembles the true umbel and in fact (unnot be 
distinguished from a true umbel which lias a terminal flow^er. The 
identification of an inflorescence as lielonging to the cyinose type in 
many cases dejiands on the fact that in the higher orders of branching 
the cymes are reduced to dichasia. 
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(10.) The dichasiim (Figs. 18 and 19 (7, page 20) consists of only 
two equal lateral shoots arising at the same level below the terminal 
flower and branching in a similar manner. The successive false dicho- 
tomies commonly decussate ; e.g., Valerianella and the weaker inflores- 
cences of many Euphorbim. 

(/3) With a pseud-axis. 

(11) . The helicoid cyrm (bostryx) : the lateral branches of the suc- 
cessive ramifications always occur on the same side {v. ante, Fig. 19 D), 

(12) . scorpioid cjjme (cmcmnxiB) : in this the lateral branches 

occur alternately on opposite sides (Fig. 19 .4 and B). 

II. Compound cymose inflorescences arise on one hand from the 
reduction of the ramification in the higher orders, as, for instance, 
when the secondary members of a cyme arc not cymes but dichasia : 
these are dichaslal cymes ; they occur in many Euphorbise : again, 
when dichasia terminate in scoriiioid or helicoid cymes. On the 
other hand it sometimes occurs that helicoid cymes are combined to 
form scorpioid cymes, as in Geranium. 

C. Compound racemose and cymose inflorescences. It may occur 
that a compound inflorescence changes in type in the different orders of 
ramification. Thus the branches of the first order may exhibit a racemose 
arrangement, and those of the seoond a cymose arrangement, as in the 
dichasial racemes of many Euphorbiae (e.g., E. csula, amyydaloides), in 
the scorpioid racemes of the Horse-chestnut, and in the helicoid 
capitula of many species of Allium. On the other hand the branches 
of the first order may have a cymose, and those of the second a racemose 
arrangement ; for instance, the helicoid cymes of cai)itula in Cichorium. 

Finally, there are certain terms used in describing inflorescences 
which refer only to the geneml external appearance rather than to the 
mode of formation of the inflorescence : thus the panicle is a pyra- 
midal inflorescence generally of the racemose type, at least, in its first 
ramification : the corymb is a compound inflorescence of which all the 
ultimate ramifications lie in one plane and bear flowers, e.g., Sambucus 
(the Elder) : the anthela is a compound inflorescence, of which the 
blanches of the first order ave gradually shorter from below upwards 
(or rather from without inwards), as in Juncaceje : the amentum 
(catkin) is a simple or compound inflorescence, usually pendulous and 
elongated, bearitig inconspicuous flowers, which sejmrates from the 
plant when the flowering is over. Of cymose inflorescences there is the 
fascicle, consisting of a number of flowers on i^dicels of equal length 
(Sweet William), and the glomerule (Nettle and Box) or vertidUaster 
(many Labiatae), consisting of a few sessile or shortly pedicillate flowers. 
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Class IX.~MONOCOTYLEDONS. 


Hie embryo has but one cotyledon ; the endosperm is ttsually ahun^ 
dant in the ripe seed. 

llie embryo is usually small in comparison with the mass of 


endosperm (Fig. 164 76' c). 
Tlie axis of the embryo 
terminates at the po8t<*iior 
end in a very short radicle 
and bears anteriorly a 
sheath ing cotyledon which 
is considerably larger than 
the whole of the rest of 
the embryo, and which not 
unfRHiuently encloses one 
or more of the first minute 
alternating leaves. 

( )n germination, tin* 
upper end of the cotyle- 
don commonly remains 
in the schhI and absorbs 
the nutritious substances 
deposited in the endo- 
sj)erm (Fig. 164 \ 

the lower part of tlie 
cotyledon edongates and 
juishes the rest of the 
(*mbryo out of the seed. 
In Grasses the cotyledon 
has a peculiar sliield-like 
form and is termed the 
sciUdluni (Fig. 1 65 ss ) : 
in the rij>e seed it almost 
entirely encloses the em- 
bryo, and is in contact by 



Fio. 164. — Germination of Phoenix daetyli/tra, the Date. I Tniiuiverae Moction of tbo 
dormant seed. ///., IV. Different stages cf genninatiou (JV. the natural siat*). A. Transverse 
section of the seed at ar x in /F. B. Transvenio section at x y. C, at z r . e, tho horny ondo- 
Kperm ; #, the sheath of the cotyledon ; if, its stalk ; c, its aja>r dovelojied into an tjrgan of 
absorption which gradually consumes tho endosperm and at length occupies its place ; to, the 
primary root ; w', secondary roots : i/, 6", the leaves which succeed the cotyledon (6'') becomes 
the first foliage-leaf ; in B and C its folded lamina is seen cut across (after Hachs). 
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its outer surface with the endosperm ; during germination the cotyledon 
absorbs the nutritious matters contained in the endosperm while the 

t stem with the other leaves grows 

out of the seed. In other Mono- 
cotyledons the cotyledon is either 
a sheathing scale, or it is the first 
green leaf, differing but little from 
the foliage-leaves which are subse- 

The primary root usually remains 
small and inconspicuous; adven- 
titious roots are developed in suc- 
cession at higher and higher levels 

tered closed fibro-vascular bundles ; 

Fio. 1C5.— Longitudinal section of the grain therefore nO growth ill 

of Zea Mau ( x about 6) : c, pcricarji ! i i ^ ^ 

mains of the stigma ; /s, base of the grain ; thickncSS by the means of cam- 
c//, hard yoUowish part of the oiidosiKsrm ; i)ium. In a few genera Only, as 

eip, whiter loss dense part of the cndosixjrm ; , . j 

nc, scutellum of the embryo ; its apex ; ^UCCa and DraCSena, it grOWS 
«, Its opidormiii ; I, plumule ; w, (below) the subsequently in thicknoss by the 
primary root ; its root-shoath ; ir, (above) - , . * . . • . i . 

««.«d.ry root, .pringing from tho flr.t inter- formation of mcnstem in the exter- 

node of the embryonic stem (^t) (after Sacha), nal layers of the grOUnd-tisSUC 
from which additional closed fibro-vascular bundles are developed. 

The axis of the embryo in many cases continues to be the main 
axis of tho plant ; at first it is thin and weak, and since no sul^equent 
growtli in thickness of the stem takes place and since tho successive 
portions of tho stem arc thicker and more vigorous, the whole stem 
gradually assumes the appearance of an inverted cone, but when the 
plant has reached a certain heiglit it may then grow cylindrically : 
this is the reason why in Palms, in the Maize, and other similar erect 
stems, there is a diminution in thickness at the lower end. Fre- 
quently, however, the primary axis of the plant perishes when it has 
given rise to lateral shoots. 

The arrangement of the leaves is at first alternate : when the stem 
is well-developed this alternate arrangement often passes over into 
complex spiral arrangements, as in Fritillaria and in Palms, in which 
plants a crown of leaves is conspicuous. In the Grasses and a few 
other families, the phyllotaxis is permanently alternate. A w^horled 
arrangement of the foliage-leaves occurs but rarely. 
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The leaves commonly have a distinctly develoj^ed sheath but no 
stipules. The lamina is usually entire, simple in outline, often long 
and narrow, linear or ensifonn, more nirely orbicular, cordate or 
sagittate. Branched leaves occur only in a few of the Aroidem. Tlie 
pinnate or palmate loaves of the Palms atniuiro this form by the 
splitting of the origimdly entire lamina, and the same is the cose with 
the perforated leaves of many Aroide®. 

The venation of the leaves is characterised by the fact that the 
weaker veins do not usually project on the under surface. Tn linciir 
leav(?s, and in such as are inseiteAl by a brood base, the sti’onger veins 
run almost pirallel ; in broader ones, c.g., Lily of tlie Valley {Conval- 
lari a majalis)^ they describe a ciirve which is more or less pumllol to 
the margin : the weaker veins usually run at right angles Indwetm the 
stronger ones. In the Scitamine® and a few other plants, a rmml>er 
(»f piimllel transverse veins art^ given oif at various angles (sometimes 
very acute and sonietiim^s ni^arly right angles) fmm the median vein. 
Keticulate venation of the le-aves is vc^ry unusual ; it occurs in Aroids 
and in Paris quatlrifoUa, 

The flower of Monocotyledons consists ty]»ically of five alternating 
and isomerous whorls, two Inilonging to the pijrianth, two to the 
andnecium and one to the gyiuecium. Thus the typical formula is 
An, 6'n, An + n, (7n, whore n in most ciises « 3, more rarely *= 2, 
4 or 5. * 

This type is most closely adhered to in the Liliiflonr, mon* especially 
in the Liliacoa*. The fii-st departure from it is exhihited iu the 
abortion of the inner whorl of stamens in tlie Irideie, and in the 
inferior position of the ovary. This latter eljaracter occurs also in the 
Scitamiiie® and (Jynandra*, w'hich are •il.'^o charactcriscjd by the 
zygomorphism of their flowers and the ecui.Ni icruhle reduction of the 
andrcccium. 

Other various and considerable reductio/js of tlie parts of the 
flower occur among the Aroide®, and constant reduction in the Gluma- 
ce® and Typliacc®. 

In the case of certain water-plants, the Polycarpio®, development 
appears to have been arrcistcd at an early stage ; the number of the 
members of the gyncccium and to some extent even of the andra*- 
cium is not constant, and the spiral arrangement predominates. 

Other simidy organised water-plants may be regarded in some cases 
as reduced forms, as the Lemnace®, while 8<^me seem to be representa- 
tives of a special type, as the Naiade® and Potamogetone®. 

The Monocotyledons may be classified as follows : 



m 


PABT IV.— THB CLASSIFICATION OF PLANTS. 


. Series I. Helobi^. Water-plants; seeds with little or no endosperm; 
the embryo has a well-developed hypocotyledonary axis ; the numerical 
relations of the flower usually deviate from the typical numbers. 

Order 1. Fluviales. 

„ 2. Polycarpicae. 

„ 3. IlydrocbaridesB. 

Series II. Mioranthjs. Land or bog-plants : the individual flowers 
usually small and inconspicuous, frequently devoid of perianth, but on 
close examination referable to the type. Inflorescences, many-floweretl. 

Order 4. Spadiciflorse. 

„ 5. Glumacese. 

„ 6. Enantioblastse. 

Series III. CoROLLiFLORiE. Mostly land plants with two perianth 
whorls which are generally both potaloid : the gynoecium is typical ; 
the androBcium frequently imperfect by abortion of members. 

Order 7. Liliiflora}. 

„ 8. Scitamine£e. 

„ 9. Gynandrse. 


Series I. — 11 E L 0 B I 
Order I.— FLUVIALES. 


Flowers imperfect, very simple, for the most part without a perianth. 
Ovary 1 or more, separate, each containing an erect or suspended ovule. 
Endosperm small or wanting. Aquatic plants. 

Fani. 1. LEMNACEiE. Stem leafless. Each inflorescence consists 
of two male and one female flower borne on a lateral prominence of 
• i, the stem : the male flowers consist of a single 

8 - If stamen, and the female flower of one ovary. 



Fic. 166 .— Pwrt of a plant 
of lemna hisutea^ aeon from 
above : a, the young lateiift 
jHmnohes (nat siaa). 


Lewna trimlca, pohjrrhiza, &c., are known as Duck- 
weed ; they are common in tanks and ponds, floating on 
the water. The stem, which is leafless, is almost flat, 
resembling a thallus : it bears two row's of branches 
(Fig. 166 ) as also roots on its under surface which are 
suspended in the w’ater. Roots are, however, absent 
in Lcmiia arrhiza, which is also devoid of fibro-vascu- 
lar bundles. 

Fam. 2. Naiade-E. Stem bearing leaves ; 
male and female flowers in an enclosing sheath. 


JVdi€u mc^orf minors i:c., are submerged slender jdants, much branched with 
distiohocis opposite leaves. 
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Fara, 3. Potamogetonbje. Stem bearing leaves. The structure 
of the flower is variable ; in Potamogeton it is ^42 + 2, O x 4. The 
four stamens have broad lateral apj)endagos on their outer surfaces, 
which have been described as fonuing a perianth. 

Potamogeton (Poud-weed) is represented by many spwies ; the stem bears eith(‘r 
only submerged leaves which are narrow anil linear, as in Potamogeton pmitfus 
ami others ; or somewhat broader, as in P, detuvis ; or it bwirs a few broad leaves 
which float on the surface of the water, as in P. tmtana. The flowers aiv disjKxsed 
in more or less crowded spikes, whhdi in some species remain permanently sub- 
inerged, but in others are raised above the water on long stems. ZosUra marina 
tSea-wrack), Phacagi'ostisy and others, live in the sou. 

Order 2. -POLYCAKP1C.15. 

The flowers almost always have a perianth, and they are usually 
constructed on the typo of nionoitotylodonous flowers with multiplica- 
tion in the androDidum and in the gyna'cium which is apocarpous ; the 
formula is K\\ C\\ yin + n + ... (rii + ... Ovary superior. 8t‘eds 
devoid of endosperm, liog or wat(*r-pdants. 

Fain, 1. Ju.vcAGiNE.K llotli perianth-whorls are se])aloid and 
inconspicuous. The outer whorl of carpels is occasionally abortive. 

TrigMiin palmtre is common in marshes and on tin* margin of pools. The 
flow'ers arc disposed spiruliy in a long loose spike witliou I bracts. Svhcurhzena 
pahistris is rarer ; it occurs in bogs ; the flowers uro set in the axils of tlistichous 
bracts. 




Fio. IST.-DUf^ram «f the Flowor of Pm. i.js of AliHroaccae. A. Of 

Triglochiu. B. Of Allsina. 

Fam. 2. Alis.mact.j;. KZ 03 yl3’ + 3 or 03 + 3 or oo. The 
outer perianth-whorl, which is sepaloid, is ofU^n (.‘oherent at the base ; 
the inner whorl is ])etaloid, white or violet. 

Putomus umhellaius (the Flowering Kush) (Fig. 168 /<, 169). The flowers, 
which have violet petals, have the following formula C?3 -i- 3, O 3 4- 3 ; they 

are arranged in an umbellate helicoid cyme at the apex of the scape which is 
about 3 feet high ; this and the leaves, which are of about the same length, 
spring from an underground rhizome. The ovules, which are numerous, anS 
borne on the inner surface of the carpels (». Fig. 148 C), 

Alisma plantago (Water Plantain Fig. 168 B)^ has the floral formula KZ CZ AZ* 
d- 0, .21 ; the numerous, mouomcrous, onc-seeded ovaiies are crowded on the 
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broad receptacle. The main axis of the inflorescence bears whorls of branches 
which have a helicoid ramification. It is rather common in damp spots. 



Sagittaria aagiUce/olia (the 
Arrowhead) with the floral for- 
mula JTS CSf d* 00 > ? i», 

is monoecious. The flowers are 
dis^wsed in triiAerous whorls, 
the male in the upper and the 
female in the lower whorls. 
The ovaries, which are very- 
numerous and one-seeded, are 
inserted on a fleshy receptacle. 
Only the sagittate leaves and 
the inflorescence appear above 
the W’ater. 


OllDER 3. 

HYDROCHARIDEiE. 


Fio. l()9.—ButoiHug iimbeltatua. A. Flower (uat size). The floWCrS hftVO a Peri- 
Ji. Gynoecium (mag.); n, stigmas. I. Diagram: p, p, ^ 

iwrianth ; /. stamens of the outer whorl reduplicate ; anth, and Usually Conform 


stamens of the inner whorl ; c, 
whorl of carpels (after Sachs), 


outer, and o', inner 


to the monocotyledonous 
type, hut with multipli- 
cation in the andrcecium and gyncecium ; ovary inferior : formula, 
/v3 (73 A3 + 3 4- , 6r (TTTo- flowers are usually diclinous ; the 
female flowers have stiiminodia ; the male flowers have no gyncecium 
hut an increased number of whorls in the andrcecium. The seed has 


no endos])erm. Water-plants. 


Fam. 1. Hydrille^. Ovary unilocular. Stem elongated, with 
whorls of small leaves. 

Elodea canadensis came originally from North America and has spread in our 
waters so as even to impede navigation in canals, 

Fam. 2. Vallisnbrieje. Ovary unilocular. Stem short with 
crowded leaves. 

Vallisiieria spiralis inhabits the lakes and ditches of the warmer parts of Europe. 
The leaves are long, narrow, and linear. The female flowers are raised above 
water on long peduncles ; the male 'inflorescences break away from their 
peduncles and float about on the water to fertilise the female flowers ; the fruit 
ripens under w’ater. 

Fam. 3. Stratiotide,®. Ovary 6- (or more) chambered. Stem 
short with crowded leaves. 

StratioUs aXoides (Water Soldier) has stiff narrow leaves. Eydrocharis Morsus 
Eanat (Frog's bit) is dioecious ; the plant is small and floats on the water, with 
small roundly-oordate leaves. 
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Series IT.— MICRAXTH^; 
Order 4.— SPADICIFLOR^ 


The flowers are small and numerous, the inflorescence a spadix or a 
panicle with thick branches, commonly enclosed in greatly dovelopetl 
bract, the spathe. The bracteolcs of the individual flowers are frequently 
wanting. The perianth is always inconspicuous, never petaloid, and 
sometimes wholly wanting ; the flowers are usually diclinous, hut both 
sexes usually occur in the same inflorescence ; the ovary is always 
suiKwior. The seeds have a largo endosperm : the embryo is straight 
and minute. 

Fam. 1 . Aroide.e. The flowers are arranged on a spadix: they 
are devoid of bracteoles, hut are usually enclosed in a spathe. 
In many of the genera tin* fl(»wers are complete and conform to the 
monocotyledonous tyjje, Kii Ci\ An + n, (r (-), where n may sttind for 

2 or 5, as in Acorns (Fig. 170) where the flowers are exactly typical. 

In other genera, however, the flowers 
are reduced in various ways and dogreesj 
not only does the perianth disappear, 
but the mimber of the stamens and 
carpels is fre(|uently diminish* d. An 
extreme case is offered by those dicli- 
nous flowers of wliich tl»e male con8i.sts 
of only a single stamen, and the female 
of only one monomerous ovary. Those 
much rcducfid flowers are disjiosed in 
regular onler on the spadix ; thus in 
Anim (Fig. 171) the numerous female 
flowers, consisting each of one ovary 
(Fig. 171 /), are inserted on the base of 
the spadix, and tlie male flowers, each 
consisting merely of a few stamens, are 
closely packed higher up on it (Fig. 

171 a). The upper j)art of the spadix 
is covered with rudimentary flowers (/y, c). When, as in this case, the 
perianth of the true flowers is wholly wanting, the whole inflorescenct* 
may assume the aspect of a single flower ; but irrespectively of the 
numerous intermediate forms which are to he found, such a view is 
antenahle when it is home in mind that here the ovaries are invari- 
ably situated below the stamens while in a flower they are invariably 
ibove them. 



Fkj. I7u Flower of 
Acorntt Culninuii{nhXi(.)'. 
<t, outer, I. Inner peri- 
anth ; Bl, Nt.’uncnM , /, 
ovary. 


Fio. 171, SjtatUx of Arum mnruht- 
lura (nat • /, female ; a, male : 
and h, rudimentary jl<»WQrs; e, the 
upper club-iihatKid end of the ifpadix 


14 
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The sub-order PistiaceaB, to which Pistia Stratiotes^ a tropical 
water-plant belongs, is characterised by having the flowers on the 
spadix reduced to two, one male flower, and one female flower con- 
sisting of a single carpel ; the spadix and spathe are adherent. It 
appears highly probable that the Lemnacese, mentioned above, are in 
fact very simple forms of this family. 

The fruit is usually a berry. 

The stem may be underground, a tuber, or a rhizome, or it may be 
aiirial ; in the latter case they often climb, clinging to trees by means 
of aerial roots. The leaves are either alternate and distichous or, more 
often, spiral with a divergence of They are rarely narrow, linear, 
or ensiform, and commonly consist of sheath, petiole and blade ; the 
venation is reticulated and the leaf often exhibits a more or loss 
complicated segmentation. 

Acorua CaXamua^ originally a native of Asia, is now rather common in pools, &c. 
The underground rhizome bears long ensiform leaves and a triangular scape bearing 
a terminal spadix which, however, is pushed on one side by the spathe which is 
long and narrow, and appears as a prolongation of the stalk. The spadix is closely 
covered with perfect flowers (Fig. 170). Arum maculatum is common in wootls 
and hedge-rows ; the large green spathe completely envelops the spadix (Fig. 171). 
Jlichardia ethiopica is a cultivated plant well known under the name of Oalla or 
( 'olocasia ; it has a large white funnel-shaped spathe. The species of Philoden- 
dron have climbing stems and large leaves which are frequently jHirforated. 

Fam. 2. pANOANEiE. Flowers dioecious ; the female flowers each 
consist of a single unilocular ovary ; they are closely crowded on the 
spadix which becomes a spurious fruit 

Pandanus utilis and other s|>ecies form thickets in the tropics particularly on 
the banks of rivers. The straight woody stems, which subsequently branch, give 
off numerous strong roots which attach them to the soil, and bear crowns of large 
narrow linear lenve.s, the margins of which arc frequently set with sharp spinous 
teeth. Tlie tough fibro-vascular bundles are used for the manufacture of fabrics. 

Fam. 3. PALMiE. The flowers are dioecious or monoecious, rarely 
hermaphrodite or polygamous, and they generally conform to the type 
irS (73 .43 + 3, (r ; in rare instances a larger or a smaller number 
of stamens are present. The carpels, in rare cases only two or one, 
form a monomerous or a polymerous ovary of from one to three loculi. 
The perianth is inconspicuous. The flowers are inserted with or 
without bracteoles on a spadix or on the thick axis of a spicate or 
paniculate inflorescence (Fig. 172). ^ 

Their mode of growth is somewhat various. Most Palms bear their 
leaves closely arranged in a crown at the top of a tall or of a quite 
short stem, which is clothed for some distance below its ax>ex with 
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the remains of the older withered leaves. But in some genera, e.g., 
Calamus, the stems creep or climb and the leaves are inserted at some 
distance from each other. The blade of the leaf commonly splits in 
the course of its growth, assuming a palmate or pinnate form. 

Palms chiefly inhabit the tropics, particularly the Moluccas, Brazil, 
and the region of the Orinoco. 

Phornuc dactifli/cra (the D ite a native of Asia and 

Africa, has pinnati&d leaves. Of tlie three ovaries, one only 
developes to form the fruit wliicli is known as the date ; the 
stone of the date consists of a very thin testa enclosing the 
large mass of endosperm in whieli the embryo isimbrnlded. 

Coca't nvbcifara (the Cocoa-nut Palm) has, as is well known, 
many uses. The fruit itself is a gigantic drupaceous fruit; the 
mesocarp is traversed by aii imineuse number of fibre- 
vascular bundles, which are used to make ropes, Ac. 

Inside the excessively hard wall of the fruit itself, the endo- 
cairp, lies a single large seed. When the fruit is mature, the 
endosperm forms a layer only a few millimetres in thickness, 
which lines the hard sliell ; the rest of the space is filled 
with fluid, known as cocoa-nut milk. The embryo, which 
is small, is imbedded in the firm tissue of the endosperm 
under the spot where there is a hole in the endocarp. 

Saj\is Rmnphii, belonging to the Moluccas, yitdds Sago, 
which is in fact the starchy jiurcnchyma of the stem. 

Elais guiimemis is the Oil-Palm of West Africa; the 
mesocarp of the jdum-like fruit yields the oil. The stems of various 8j)ecies of 
(■alamus constitute the so-called Spanish cane. The large and very hard (Uido- 
s]>enn, with inueh-thickened cell-membranes, of Phytdephas macrocni'jHi is used 
in turnery, and is known as vegetable ivory. ChAimccrupH humilis^ the Fan-Ptilni, 
is found in Southern Eurojio and Northern Africa. LivinUma amlralLn is fre- 
((uently cultivated for the sake of its graceful, fan-like, palmatifid leaves. 



Fui. 172 - Tart (d the 
fuiaalc pauic.lo of Cba- 
mnxlorea: tUo thick 

axis ; a, the external ; 
and the internal 
whorl of the j>criautU; 
/, ovary ( x 


Fam. .4. Cyclanthe^:. Plants of a palm-lik" habit in Southern 
and Central Ainericii ; the flowers arc disposed on the spadix in 
regular wliorls. 

The leaves of Carlwlovica pabnala are applied to vaiious pur^wscs, e.g., 
Panama hats are woven of them. 


Fam. 5. Typhaceas. Flowers diclinous, the j»erianth repnjsentcd 
only by scales or hairs. Stamens 1-6. Ovary monomerous containing 
one ovule. Inflorescence a spadix, without a spathe, elongated or 
compact : the flowers dividetl according to sex. 

In Sparganium the inflorescences are spherical spikes, which are borne terming 
ally and laterally in two rows on tbe upper part of the stem. The lower 8i>ikos 
bear only female and the upper only male flowers ; the perianth consists of scales. 
Sp€arg(uUum, siinpUx, ranwsuin, Ac. , are not rare in ditches. 

Typha (the Bullnub) bears its flowers in a long terminal spadix ; the nufl# 
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flowers are borne at the upper and thinner portion directly on the main axis ; 
on the lower and thicker portion are borne the female flowers, which grow partly 
on the main axis and partly on very short lateral shoots ; the perianth is replaced 
by long hairs. Typlui anguatifolia and latifoUa are common in bogs and wet 
places. 

Ordkb 5.— GLUMACE.® 


The flowers are disposed in spikes or panicles generally enclosed in 
scaly bracts, and may be referred to the formula K'6 (73 .43 + 3, (73. 
The perianth is either wanting or it is rudimentary. Androecium 
and gyncecium have frequently a reduced number of members. The 
seeds are abundantly furnished with mealy endosperm. — Grasses and 
grass like plants. 

Fam. 1. Graminbjb. True Grasses. The leaves are alternate on the 
stem, which is known as the haulm ; the embryo lies on the side of 


C * ^ ^ the endosperm 

flowers ai«^UBaal]y 

Pio. 173.— Diagrams of Grass-flowers. A. Bambuwi. B. Common are enclosed by 


typeof Gramiuo®. c. Nardua bracts here termtid 


palece, and are arranged in complicated inflorescences ; the perianth- 



Pio. 1 74. —A .-ipikelet of Wheat dissected 


leaves assume the form of small scales, 
lodiciiles ; the unilocular ovary con- 
tains only one ovule ; the grain is the 
fruit, a caryopsis, to which the two 
palesB sometimes adhere, e.g.. Barley 
and Oats. 

A flower of this composition is sessile 
in the axil of a bract, which is termed 
the inferior or outer pedea (Fig. 174 
Z> 2 ...), and there is also a bracteole be- 
neath the perianth which is termed the 
superior or inner palea. The two paleaj 


(mag. ) : x, axis of tbo spikelet ; g, glumes ; 

bf the inferior pfilem bearing (gr) the 
awn. Bg^ the flowers raised from 
the axis out of the axils of the superior 
pale», p » ; a, anthmrs ; ovaries. 


completely enclose the flower. Usually 
two or more flowers which are thus 
enclosed by the palesB are present on 
an axis (x Fig. 174) and constitute the 


spikelet of the Grass, and beneath the lowest flower there are usually 


^Wo more bracts which bear small sterile flowers in their axils and 
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which are known as the glumes (Fig. 174 g\ Thus a spikolet consists 
of an axis bearing two rows of bracts of which the two first and lowest 
are barren, while the succeeding ones bear each a flower in its axil, 
and beneath each flower there is also a bracteole or palea belonging to the 
floral axis itself. The inferior paleee often have, either at the apex or 
else borne on the midrib, a spinous process called the arista or awn 
(Fig. 174 gr). 

The number of flowers in each spikelet varies according to the 
genus ; often there is but one, the lowest, with rudiments of otliers 
above it ; if, however, only one of the upper flowers is developed, so 
that the lower paleae bear no 
flowers in their axils, they are 
regarded as glumes, several 
being therefore present in such a 
case. The spikelets themselves 
are in many genera, e.g., Rye 
and AVheat (Fig. 175 B)^ 
arranged in two rows on a 
main axis ; the inflorescence 
may then be designated an 
spike ; in most of the other 
genera the main axis of the 
inflorescence bears lateral bran- 
ches which are slender, of 
various length, and often 
bmnched again, and which 
bear the terminal spikelets ; 
in this way a panicle is formed, 
as in the Oat (Fig. 175 A), 

This may be either loose and 
spreading with long lateral 
branches (Fig. 175 A)y or 
compressed, with very short branches, e.g., Alopecurus. 

The stem is usually tall and the long internodes are hollow ; the 
sheath of the leaf is largely developed and frequently extends over 
several internodes. A membranous ligula is often found at the junc- 
tion of sheath and lamina (v, p. 9, Fig. 8 A), 

The Grasses are classified as follows : — 

Group I. Pdnicoidece. More than two glumes present : that is to say, that 
the lower palese have no flowers in their axils. 



Fig, 175. — A. Paniclf of Oat, A vena mtiva; 
», main axis; latural a\o.s , «, spikelot iiat. 
size. B. Spike of Wheat : axis ; ft, the grooves 

in which the si>ikulets (a) lie. These uro removed 
at the lower part. 
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Family J. Oryzece, Glumes four, often represented only by bristles. Oryza 
mtimi is the Rice-plant — from the East Indies ; cultivated in marshy regions of 
Southern Europe. 

Family 2. PhalaridecB, Glumes four, the inner pair being smaller. Thctfaris 
arundinacea is common on the banks of streams, etc. : a varietj’^ with white- 
streaked leaves is cultivated in gardens. Anthoxanthum odoraium. Vernal Grass, 
which has only two stamens and a paniculate inflorescence, is common in meadows : 
it gives the peculiar odour to fresh hay. 

Family 8. Andropogonem. Glumes three, of which the low'est is the largest. 
Zca MaUf the Maize Plant, is cultivated in warm countries ; its flowers are 
nioncecious : the male flowers form a loose panicle at the apex of the haulm, and 
the female flowei-s are borne laterally on a thick spadix, which is ensheathed by 
leaves. Saccharum offid'n/irv/mf the Sugar-cane, is a native of the East Indies. 

Family 4. Paniceoe. Glumes three, of which the lowest is the smallest. 
Many species of Panicum occur, especially on ploughed land : the spikelets are 
arranged in compound racemose ears. 

Group II. PooRoidece. Only two glumes present : in the single flowered spike- 
lots the upper flowers are abortive. 

Family 5. ChXoridm, Spikelets one-flowered, in compound S 2 >ike 8 . Cynodun 
Dactylon^ is often abundant on waste ground. 

Family 6. Stipcoe. Si>ikelets one-floweml, cylindrical or flattened posteriorly : 
in panicles. Stipapennata has a long hairy awn. MiUmx effmumy without an 
awn, is common in woods. 

Family 7. Agrostidcoa. Spikelets one-flowered, flattened laterally ; arrangement 
various : 

(a,) in loose panicles ; in Agrostis the axis of the spikolet is glabrous, ot it bears 
short hairs ; A. vulgaris and siolonifera are common in meadows and woods : A. 
Spica ventiy is common in fields ; — in Calam agrostis, many species of which occur 
on the banks of rivers and woods, the axis of the spikelet is covered with long 
hairs. 

(b.J in dense panicles : Alopecurns (Foxtail Grass), with the glnmes colierent 
at the base, and with only rudimentary iwileie: Phloum, Cat’s-tail Grass, with 
free glumes and distinct paleaj : both common in Meadows. 

(c.) in simple spikes ; Nardus sirictay the Mat-weed ; the glumes are either 
inconspicuous or absent ; a single stigma ; the haulms and leaves are very rough ; 
common in marshy meadows and on poor soil. 

Family 8. Avmaccm, The spikelets consist of several (usually two) flowers ; 
the glumes (or one of them at least) are as long as the whole spikelet : Avena, the 
Oat, has loose panicles, and two-toothed inferior palete : of this genus there are 
many species ; A, elatioVy patescemy Jlorcscensy are common in meadows. The 
following species are cultivated A. saUvay with its panicles in various planes ; 
A» orientaliSy with its panicles in one plane ; A. ^rigosay with a hairy floral axis, 
and A, nuday the spikelets of which usually consist of three flowers. u4im 
eoespitosa and flexuoaa have truncate inferior palese, and are common in meadows 
and woods. Holcns, the Honey-grass, has spikelets consisting of two flowers, 
the upper or which is usually male, and the leaf-sheaths are covered with silky 
hairs ; it is common in damp meadows. 
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( FamUy 0. Arundinece, The spikelets are many-flowered : the glumes are 
shorter than the spikelets ; the axis of the spikelet is covered with silky hairs. 
Phrcigmites communis^ the Reed, is common on the banks of ponds, etc. Molinia 
carulca has a very long haulm, consisting for the most part of a single internode ; 
it is common in woods. 

Family 10. Festuccuxoe, The spikelets are usually many-flowered, and tlie 
glumes shorter than the lowest inferior palea. Melica, the Pearl-Grass, has some- 
times spikelets consisting of a single flower only ; the glumes are long ; it is com- 
mon in woods. Briza, the Quaking-Grass, has spikelets which are compressed 
latemlly and are cordate at tlie base ; it is common in meadows. Kodcria cristata 
has dense panicles ; it is common in dry meadows. Dactylis gloin/crata^ the 
Cock’s- foot Grass, has dense panicles divided into parts which have longer stalks ; 
it is common in meadows. Poa pratcTisis^ tnvialiSf etc., are common in meadows ; 
their spikelets are comprc.ssed laterally ; the glumes have a sharp keel ; P. annua 
is common by the roadside. Fcstuca elatior^ and others, the Fescue Grasses, are 
common in meadows. Bromus, of Which there are several 8j>ecies, is common in 
fields (B. seaiiinns), in meadows f'B. moUU and others), by the roadside (B, 
sterilia^ tectorum), Brachypodiura has very shortly stalked spikelets arranged in 
a spike : common in woods and hay-ineodows. 

Family 11. Ilordcacca:. The spikelets are situated in depressions on the main 
floral axis, fonning the so-called spike. In Lolium, the Rye Grass {L. percntic 
is common everywhere), the posterior surface (that is tlie middle line of 
the iKistcrior glume) is directed towards the main axis, and this glume is usually 
rudimentary. In all the other genera the side of the spikelet is directed towards 
the main axis. Seeale cereale^ the Rye, has two-flowered spikelet} and narrow 
awl-shaped glumes. Triticum, the Wheat, has three or more flowered spikelets, 
with ovate glumes.: T. repenSf the Twitch, is common everywhere ; its spreading 
rhizome makes it a troublesome weed. The following species are cultivated ; 2\ 
vulyarCj the common Wheat, with long glumes, which have no keel, and T. turgi- 
duvif English Wheat, with short keeled glumes ; both these forms have a wiry 
floral axis, and the fruit easily falls out of the glumes : T. Spelta^ the Spelt, 
wliich has an almost quadrangular spike, and T. dm>wu7)ij with a compaiit 
spike, have a brittle floral axis, and the fruit is firmly cmdo.sed by the glumes. 
In all the sjiecies the length of the awn varies very much. Hordeuni, the Barley, 
has three single-flowered spikelets inserted together in one depression on the 
floral axis. i/. inurinum, is common on the road.side and on walls. The follow- 
ing species are cultivated : H, vulgare and JI. hcxastichnm, with only fertile 
spikelets ; in the latter species the spikelets are all equally distant, and are 
therefore arranged in six rows ; in the former species the median spikelets are 
nearer together, and the lateral ones more distant, so that they are described as 
being in four rows : further, H, diaticfmm is the two-rowed Barley, tlie lateral 
spikelets of which arc male, so that the fruits are arranged in two rows. The fruit 
usually adheres to the glumes. 

Fam. 2. Cypbracejs, or the Sedges. The leaves are arranged in three 
rows on the stem ; the embryo is enclosed in the endosperm. 

(a). Siyirpece ; the hermaphrodite flowers form a spikelet and are 
situated in the axils of sidrally arranged or distichous bracts 
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without any bracteoles. These splkelets are often arranged so as to 
form spikes, panicles, umbels, or capitula ; the ftower has tbe formula 
OT 3. G The leaves of the perianth are usually 
hristle-llke (¥ig. 176^ *, m ^lo- 
phoTum they are replaced by a 
number of hairs, or they are alto- 
gether wanting. Only the outer 
whorl of stamens is usually pi*esent. 

Scirpus, the Kush, has a bristly 
peiianth ; in some species the spikelets 
are solitary, as in Sdrpua coespitosus, in 
others there are lateral spikelets in 
addition on short stalks, as in S. lacus- 
tnSf or on long stalks, as in S. sijlvaticm, 
Eriophortt/m augustifoliuTn^ latifoliv/nH't and others are common on moors j the 
hairs of the perianth, after flowering, grow to a considerable length. Cypcrus 
fu8CU8 is common in damp spots. Cyperus Papyrus is an Egyptian species, from 
which the Papyrus of the ancients was made. 




Fio. 176.— Flower of Scirpus (magnified): 
p, the bristly perianth ; a, the three stamens ; 
/, the ovary. 


£. Its floral diagram. 



(h). The CaricecB have diclinous 
flowers with this peculiarity, that the 
male and female flowers differ in their 
structure. The male flowers have the 
formula, jfiTO (70 .43 + 0, GO ; they 
are situated in the axils of bracts (Fig. 
177 B and D) and form simple 
spikes. The female flowers have the 
formula A"0 CO AO + 0, or and 


are not sessile in the axis of the 
j]j bracts (h in Fig, 177 A and (7), 

Fia. 177. ~ nowor of Carex (mag.), but a sliort branch springs from the 
A. Female flower with (^) bract; ^ 

s, bractei^le ; /, ovary ; n, stigma. ^ ^ ® ^ 

A Hale flower: , 1 , <ho throe stamens, single bracteoJe (s in Fig. 177) and it is 


e. anthers c Diagram of the female jjj jjjjg bracteole that the female 

and (£) of the male flower : r, axis of 

the spike ; 6, bract ; s, bracteole. flower, which COnsistS of a trimerous 

or more rarely dimerous ovary, issituated. 
The bracteole (s in Fig. 177 A and O) increases greatly and invests the 
fruit, forming the so-called utriculus. 


The Genus Carex, the Sedge, contains numerous species which grow mostly in 
dnmp localities : they have stiff leaves with sharp or saw-like edges, but only a 
It'W of them are dioeciops : in most the male and female inflorescences occur on 
Ihe same axis. In one large section of them, the two sexes occur on the same 
8X>ike which Is either male at the base and flmale at the top, or vice-versa, 'V^^hen 




GROUP IV. — ^PHANEROGAMS. 


217 


this is the case the axis bears either only one terminal 8pike» os in Oarex pulicaris 
and C. paticijlora, or several spikes forming a capitulum at the apex, as in C. 
cyperoideSf or a panicle, as in C. arenaria^ brizoides^ muricaUi. In the second 
section on the other hand, each spike is unisexual, and then the male spike is 
almost always terminal on the axis and the female lateral, as in Carex acuta^ 
glaucat prcecoxy digttatay Jlavay and paludosa. 

Order 6.— ENANTIOBLASTiE. 

The flowers have the formula KS 03 A3 + 3, G3y though occasion- 
ally some of the members are absent : the ovules are not anatropous, 
as in most of the Monocotyledons, but orthotropous ; hence in the 
ripe seed the radicle of the embryo lies diametrically opposite to the 
hilum (comp. Fig. 130). 

The Restiacece, Eriocaulone®, and Centrolepidece are grass-like plants, with 
diclinous flowers, belonging to the tropics and to South Africa. The Xyrideac 
and Cominelynacefe are also tropical forms with a distinct corolla ; species of Con- 
melyna aud Tradescantia are cultivated as ornamental plants. 


Series III.— COROLLIFLORyi^. 

Order 7. — LlLlIFLORiE. 

Flowers usually conspicuous, solitary, or combined in various forms 
of inflorescence, having usually the formula K3 C3 A3 + 3, G (3) 
but sometimes with 2, 4, or 5. Suppression of a whole whorl is more 
frequent than that of separate members. The two whorls of the 
perianth are usually alike and petaloid, sometimes they are sepaloid, 
and in rare cases the outer one is sepaloid and tlie inner petaloid. 
The ovary may be superior or inferior : it is trimiM ous and generally 
trilocular. The embryo is enclosed by the endosp( rm. 

A. Ovary superior, 

Fam. 1. JuNCACEiE, K3 C3 A3 3, G Plants of a grass-like 
aspect; they differ, however, from the preceding families in that they 
have a complete perianth and androecium and anatropous ovules, and 
from the succeeding ones by the dry and glumaceous character of the 
perianth. The leaves are linear or tubular ; the inflorescence is an 
anthela (see p. 202). 

The species of Luzula, which have a unilocular threo-seeded ovary, muUiJloray 
pilosay campestriSy and albidUy are common in woods aud on heaths. Juncua has 
a trilocular many-seeded ovary ; plants of this genus are often called rushes ; 
J. glaticus aud effusua have a tubular stem and leaves, and a terminal inflorescence 
which is displaced laterally by a tubular bract wdiich appears to be a prolongation 
of the stem ; they are common in wet fields ; J, hufonitLSy by waysides. 
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Fam. 2. LiUACBiB. .^3 (73 .43 + 3, ; both whorls of the 

l)erianth are petaloid : the flowers are not zygomorphic. 

Sub-family I. MEiiANTHACEjs, with a septicidal capsule. 

Tqfieldia palustris has ensiform radical leaves ; the flowers, which are pale-green, 
are disposed in a raceme on a scape ; it occurs in the north of England, in wet 
places on mountains, but it is rare. Veratrum album and nigrtm have broad ovate 
leaves. Colchicurh autumnale is the Autumn Crocus : when it is flowering in the 
autumn the stem is underground ; it is at this time short and slender (Fig. 178 k') 



Pio. 178.— The underground part of a flowering plant of Colchicum autumnale. A. Seen 
In front ; fc, the corm ; cataphyllary leaves embracing the flower-stalk ; icA, its base, 
from which proceed the roots, v>. B, Longitudinal sectiou : h,h,u brown membrane which 
envelopes all the underground parts of the plant; »t, the flower and leaf-stalk of the previous 
year which has died down, its swollen basal portion (it:) only remaining as a reservoir of food- 
materials for the new plant now in flower. The new plant is a lateral shoot from theWse 
of the oonu (t), consisting of the axis, from the base of which proceed the roots (tc), and the 
middle part of which swells up in the next year into a corm, the old corm (i:) disapitear- 
ing ; the axis bears the sheath-leaves (s, s', tif') and the foliage-leaves (I', I") ; the flowers (6, b') 
are placed in the axils of the uppermost foliage-leaves, the axis itself teiminatJng amongst 
the flowers (after Sachs). 
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attached laterally to the corm of the prerious year's growth (k) and bears a few 
imperfectly developed leaves (1' !•*) as well as one or two flowers (b> b*') : the 
ovaries of the flowers are also subterranean ; the six leaves of the perianth cohere 
and form a tube of some centimetres in length which grows far beyond the ovaries 
and above the surface of the soil, terminating in a petaloid six-paitite limb ; 
the stamens are attached in the upper portion of the tube. In the spring the 
underground stem swells at its base (k‘) into a corm, and grows upwards, so that 
the developing leaves (1' 1") and the capsule rise above ground ; a lateral shoot is 
formed at its base, which, in the autumn, produces flowers, and this repeats the 
process. 

Sub-family 2. LlLiEiE, with a loculicidal capsule. 

In a number of genera the six leaves forming the perianth cohere and form a tube 
which ends in six more or less deeply cut segments 
<Fig. 179) ; e.g.f Hyacinthics oricnt(ilL% the stem of 
which is an underground bulb (Fig. 14 B). Aloe bus 
thick fleshy leaves ; some species, as Aloe soccotrimiy have 
a strong woody stem, and are shrubs, or almost trees. 

There are also some among the very numerous genera, 
in which the loaves of tlic poriauth are distinct or 
cohere only for a very short distance from the base, 
which are of an arborescent habit ; for instance, the 
species of Yucca, which are indigenous to Central 
Auierica. The others have underground rhizomes or 
bulbs. These bulbs (see § 5 and Fig. 14 B) are, 
in fact, much shortened stems, covered with closely- 
packed cataphyllary leaves which are usually termed 
scales : so long as’ they are young, and not very vigorous, they send up only 
foliage leaves, which appear, year by year, above the ground, but in the course 
of years the axis itself of the bulb elongates and bears a terminal inflorescence. 
After the flowering is over, this axis dies down, and a lateral shoot is formed in 
the axil of one of the scales which may either become a new bulb, or it may at once 
develope into a flowering axis, the lowest cataphyllary leaves of which are bulb- 
scales. Phormuim tenax (the New Zealand Flax) has ensiform leaves, about three 
feet in length, springing from the rhizome. ; their strong Ij.ist-fibres are used for 
various ]mrposes. Lilium cnndidiivi is the white Lily. L. hnlbifcrum, the Tiger 
Lily, which produces bulbils in the axils of the upper leaves, and L. Marta/fon 
the Turk’s cap Lily, have bulbs. Fritillaria impcrialis is the Crown Imperial 
the flowers of which are surmounted by a crown of leaves. Tulipa Gesneriaua 
is the Tulip. Scilla maritima has a bulb which is not subterranean. Of Allium, 
several species are in cultivation for culinary purposes, as A. Cepa^ the Onion ; 
A. asmlonicumf the Shalot ; A. Schoenoprasum-f Chives ; A. porrum^ the com- 
mon Leek ; A. sativum^ Garlic. The leaves of the various species of Allium are 
generally tubular and hollow ; the flowers are disposed iu spherical heads or 
umbels ; bulbils are occasionally produced among the flowers. 

Sub-family 3. AspAKAOiNEiB. The fruit is a berry. 

DracoenaDracOf the Dragon tree, has a stem which continues to increase in thick- 
ness ; it is a native of the Canary Isles. Asparagus oJktTialis, is the Asparagus ; 
the young shoots, which spring from the undergroimd rhizome, are eaten. Con* 



Fio. 170.— Flower of the 
HyaohitU : a, a, a, the throe 
outer ; i, i, i, the three inner 
segments of the pcHanth, 
which is tubular nt the 
lower part (nat. size). 
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vaUarm mctjeHia is the Lily of the Valley. Maianthemum hifolium has a dimerous 
flower. The species of Smilax are creeping shrubs, the leaves of which have re- 
ticulated venation. Buacus amleoim (the 
Butcher's Broom), and other species are 
small shrubs, with leaf-like branches (phyl- 
loclades). on which the diclinous flowers are 
borne in the axils of minute leaves. Paris 
quadrifolia (Herb Paris) is poisonous : the 
flowers tetramerous, or exceptionally tri- 
merous or pentamerous ; they are terminal, 
and the stem beneath bears 4 (or 3 or 5) leaves 
in a whorl beneath the flower (Fig. 180). 

Fam. 3. Ponte DERiACEiE. Water 
plants of tropical America, with a 
zygomorphic petaloid perianth. 

B. Ovany inferior : 

Fam. 4. Amaryllidb^. ATS C3 
A3 + 3 or 12 to 18, Both 

the whorls of the perianth are petaloid ; it is occasionally zygomorphic 
and narrowly funnel-shaped. The fruit usually a capsule. 

Alstroemeria has a leafy stem and tho habit of the Lily. The other genera 
have a very short, sometimes bulbous stem, and a long floral axis. Amaryllis 
formosa is an ornamental plant, with large tubular funnel-shaped, unequally 
toothed flowers. Oalanthus nivalis is the Snowdrop ; Leucojuw vemumy the Snow- 
flake. Narcissus pseudo-NarcissuSy poeticuSy and other species are favourite 
garden plants. The ligulse of the six segments of the perianth cohere to form the 
tubular corona. Agave americanay commonly known as the false Aloe, is a native 
of Mexico, but has been naturalised in Southern Europe. The short stem bears 
a large rosette of very thick and prickly leaves ; when it has attained a sufficient 
vigour — in Southeni Europe, after from 10 to 20 years- it throws up an axis of 
some yards in length, which branches very much, and bears a large number of 
flowers, which are arranged somewhat in the form of a pyramid* 

Fam 5. iRiDEiE. KZ (73 A3 + 0, The perianth is petaloid, 
and sometimes zygomorphic ; the fruit is a capsule. 

Iris (the Flag) has a horizontal underground rhizome, which throws up 
leaves W’hich are expanded in their median plane, and scapes which bear tho 
flowers. Tho stigmas assume a petaloid aspect, and by their concave outer 
surfaces cover over the stamens which are opposite to and below them (Fig. 181). 

Iris pumila, germanica, and others are favourite garden ijlants. I. pseuda- 
carus is common in ditches. Gladiolus has an underground bulbous stem and^a 
tall many-flowered scape ; the flow’ers are usually zygomorphic ; (7. commwiis is 
frequently cultivated : (7. paluster occurs on moors. Crocus, from which saffron 
is obtained, has an underground corm, from which grows a very short under- 
ground stem ; this l)ears the leaves which lise above the ground, and terminates 
in a flower, the ovary of which is subtciTanean : the tube of the i)erianth spreads 



Fio. 180.— Diagram of the flower of 
Paris quadrifolia : I, the foliage-leuves ; 
ap, the outer ; ip, the Inner whorl of the 
perianth ; aa, outer ; ia, Inner whorl of 
stamens (after Sachs). 
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tint above the ground into a six-partite limb, at the base of which the three 
stamens are inserted. 


Fam. 6. Taccacele. JTS 
(73 .43 + 3, The ovary is 
unilocular and many-seeded. 
They are tropical herbs, and 
the leaves which spring from 
the subterranean rhizome 
have reticulated venation. 

Fam. 7. DiosooREiE. A'3 
(73 A3 4- 3, The ovary is 
trilocular, with one or two 
ovules in each loculus. The 
flowers are dioecious. They 
are climbing plants, with large 
above or underground tubers, 
and usually triangular leaves, 
with reticulate venation. 

Dioscorca saliva (Batatas) and 
others, known as Yarns, are largely 
cultivated in the tropics as a food 
rich in starch. 



Fam. 8 . Bromeliace.e. 

K3 C3 A3 + 3, 6X3). The 
ovary is superior, inferior, or 
semi - inferior. The outer 
whorl of the perianth sepa- 
loid, the inner petalohl. The leaves are usually long and narrow, 
sharply serrate ; the stem is generally very short. The flowers are 
hermaphrodite, and form spikes or panicles with hracts. 


Pio, 181.— Diagram of the flower of Iris, and view 
of the .sumo after the removal ot tho perianth : n, 
peduncle ; /, inferior ovary ; r, tubular imrtion of 
the perianth ; pa, tho insertion of the outer, pi, of the 
inner leaves of tho perianth , %t, stamens ; a, author ; 
n, n, n, tho three potaloid .sf,igmas (nat. size). 


Ananassa saliva (Ananas, Pine-apple). The fniit is a berry, and the berries of 
each inflorescence coalesce into a spurious fruit (sorosis), aljove which the axis 
of the inflorcBccnce extends and hears a crown of leaves. In a state of cultivation 
the berries contain no secils. It is a ndtive of America, and is cultivated in all 
warm countries and in hot-houses. 


Order 8.— SCITAMINEJE. 

The flowers are zygomorphic or asymmetrical :\l/A3 C3 A3 + 3, 
G iSj, occasionally with a great reduction in the androecium. Perianth 
wholly petaloid, or the outer whorl may be Sepaloid ; ovary inferior, 
trilocular. Fruit, a capsule or a berry. No endosperm but abundant 
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perisperm. They are tall herbaceous plants ; the leaves are' large and 
have pinnate venation. 

Fam. 1. MusACBiE.\l/Z3 (73 AS + 2, Perianth petaloid, ir- 
regular ; the anterior external member is usually very large, and the 
posterior always very small ; in Musa the five anterior members of the 
perianth are connate, forming a tube which is open posteriorly : the 
posterior stamen is sterile or absent and the others are not always 
fertile. The sub-family of Heliconiese differs from this type in the 
structure of the flower.' They are all shrubs of colossal growth with 
enormously long leaves : the flowers are usually arranged in spicate 
inflorescences in the axils of largo and often coloured bracts ; some- 
times several flowers spring from the axil of one bract. 

Musa paradisiaca (Pisang) M. Sapientium (Banana) and M. Ensete are natives 
of the tropics of the old world ; the two former are now distributed throughout 
America and applied to a groat variety of purposes ; the fruit, which is of the 
nature of a berry, is an article of food, and the fibro- vascular bundles are used for 
making textile fabrics. 



Pio. 182. — Diagram of flower of Musa. Fig, 183. — ^Diagram of the flower of Ziugi- 

beraueee. A. Hodychium. B, Alplnia. 

Fam. 2. ZiNGiBERACEiE. \[/iL3' CS A f S + I f 2, G^y Perianth 
zygomorphic. The three outer staminodes are connate, forming a leaf- 
like three-lobed body, the lahellmn, the anterior median lobe being 
much the largest. Of the inner whorl of stamens the posterior alone 
bears a perfect anther, the other two being transformed into small 
glandular bodies. The flower of Alpinia (Fig. 183 B) differs some- 
what from this type in its structure. 

The starch which is prepared from the rhizome of Curcuma angvAtifolia and 
it^vcf/irhixa is known in commerce as East Indian arrowroot. 

Fam. 3. CANNACBiE.\l/iir3 CS A f I ov 2 -h 1 t 2, (^jj,. Theandroe- 
cium is represented by a number of petaloid bodies of which ope 
only, the posterior stamen of the inner whorl, bears a one-celled 
.^ther (Fig. 184 st an) ; of the staminodia one is larger than the 
others and is reflexed forming a lahellum (Fig. 184 /) ; the narrow 
ones vary in number in the different species (Fig. 184 a and ^). 
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Canm indiea and other species are commonly grown as ornameutal plants. 
Amylum i/amnto, the starchy meal prepared from the rhizome of Maranki 
arundinetceat is true or West Indian arrowroot. 


Order 9. — GYNANDRJE. 

Flowers zygomorphic, reduced in 
the androBcium which is adherent 
to the gyncBcium. Formula, Nj/ ATS 
(73 4- 2, G^y Ovary inferior ; . 

seeds very small without endosperm, 
the embryo a minute undifferentiated 
mass of tissue. 

Fam. 1. OiiCHiDEiE. The flowers 
of most of the genera have the 
formula,\|/A^3a3 ^ 1 + t 2, : 

those of Cyi)ripedium, however, 
have the formula,N|/iL3 (73 ^ 4 
1 + 2, (?^, (Fig. 185 .4 B). In con- 
sequence of torsion of the ovary the 
flower is generally so placed that 
the posterior side of the flower 
instead of being uppermost, as is 
usually the case^ comes to lie in- 
feriorly (resupinate). The two whorls 
of the perianth arc jKitaloid and zy<j 



Fro. 184. -Flower of Caana indicn (luit. 
siKti): /, inferior ovary ; pa, the ontor : fn, 
the inner whorl of the iwriiinth ; ff, stylo ; 
8t, the fertile stamen, with (nn) the anther ; 
I, lubellum ; a l3> staminodia 

(after Eichler). 

omorphic. The posterior segment 


(petal) of the inner whorl, called the lahellum (Fig. 186, see also Fig. 



Pro. 185. — Diagram of Orchidaceous 
owera. A. The usual type. B. Cypri- 
ledium; the shaded stamens are stamin- 
dia. 



sp 1 


Fia. 186.- -Flower of OrchU wntcula (2x); 
/, the twisted ovary ; a, a, a, the three outer 
perianth leaves ; t, i, two of the inner ; I, the 
third inner trerianth leaf, the labellum, with 


(jtp) the spur ; a, stigma ; p, pollen-sacs. 


55?) is always larger than the others and varies greatly in form ; it 
requently has a spur (Fig. 186 or a sac-shaped cavity (Fig. 155). 
lie filaments of the three stamens adhere to the three styles ; they 
jgether form the gijnostemium (Fig. 155 /S', Fig. 188 B and 0 gs). 
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The fertile stamen bears a bilocular anther which, by the absorption 
of the septum often appears to be unilocular, and in r^re. oases is 
quadrilocular ; the other two members of the androecium are atam&iodia 
(Fig. 155 a;) and sometimes are only represented as small tooth-like 
prominences (Fig. 1B6). In some genera the pollen-grains are separate 
from each other, in others they occur in groups of four (tetrads), and 
in the majority they are united into a mass which fills an entire 
pollen-sac (Fig. 186 jp, 155^). When the pollination takes place — 
always by the agency of insects —the two pollen-masses (poUinia) 
become attached to the proboscis of the insect by means of a sticky 
part of the stigma, the rostellum (Tig. 155 1i\ and are conveyed to 
another flower on the stigma of which they are deposited. In many 
foreign foi*ms these arrangements for cross fertilisation are much more 
complicated. The ovary is inferior and unilocular ; it contains 
numerous anatropous parietal ovules. 

The indigenous species have underground rhizomes or tubers. Two 
tubers are usually present, the older one, which, at the time of flowering, 
becomes flaccid (Fig. 187 .4 and J5, 1) throws up the flowering scape 
(Fig 187 s.) or, in young plants, a short underground stem which pro- 
duces only leaves above ground. At the upper end of this tuber 
another much firmer tuber is formed (Fig. 187, 2), bearing at its apex 



Fiq. 187. — Tiibers (ji) of Orchis morio; B, of Qjfmnadenia eonopssa: s, the peduncle; I, thU 
year’s tuber ; next year’s tuber ; 2*, the bud ; to and to', roots (nat. sise). 


the bud of the next year’s stem {K), The tuber is to be regarded as 
a lateral bud which coalesces with its first root (or more than one, 
Fig 187 B) and then increases in siz^ The lower end of an undivided 
tuber, as well as the ends of palmkte tubers, has, in the young state 
at least, the same structure as the apex of a true rook 
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Or^ 9 Mori<^ and have round or oval tubers (Fig. 187 A,)^ 0. laHtolia 

and in/qarmta have palmate tubers running out into roots* (Fig. 187 B)\ they 
ooeur in ^mp meadows. Oyntniadenia corwpaea has long spikes of flowers and 
palmate tubers ; it occurs in woods and on 
heaths, Ophrys VKyod^ wpifera and aranifera 
have flowers resembling insects ; they occur, 
but are not common, on heaths and in pastures. 

CephalaiUkeHi ruhra^ Epipactis hxtifolia^ and 
others, have creeping rhizomes ; they are found 
in wooda Corallorrhiza innatn has a coral- 
like, branched, undergi'ound rhizome, with no 
roots. Epipogon Oinelmi has likewise no roots ; 
both these forms are devoid of chlorophyll, 
and glow on humus in forests. Neottia Nidus- 
avis also is without chlorophyll, and lives on 
humus in woods ; it h^is a fleshy rhizorno 
thickly beset with roots wliich grow in a tangled 
mass like a bird’s nest. Cypripedium Calceo- 
lusy the Lady’s Slipper, grows in mountain- 
woods ; it has a creeping rhizome and broad 
ovate leaves ; the perianth is of a reddish-brown 
colour, except the labcllum, which is yellow, 
and forms an inflated sac. The whole stnie- 
tare of the flower is unlike that above descrilKsd {• “Ti • ■ "-J' 

as typical for most of the sencra ; the two .tigma (after Sachs), 
stamens, which in other genera are reduced to 

staminodia, are fertile (Fig. 188, a, a, and comp. Fig. 185), and the anterior 
stamen, which in most cases is the only fertile one, is here a large staminode 
(Fig. 188 s). ’ 

A still greater variety of forms is found among the tropical genera and species, 



Fig. 188.— Flower of Cifpi'iptdium 
Calceolun : p, p, the leaves of the i>eri- 
auth have been ent away. J. Side 
view. B. Back view. C. Front view ; 


which for the most part grow upon trees (epiphytic) and throw out large aerial 
roots. Vanilla plaxiifolia and other species have a long pod-like fruit which is 
well-known for its perfume and flavour as Vanilla. Vanda, Oncidium, Phajus 
and other genera arc extensively cultivated in hot houses for their beautiful and 
often fragrant flowers. 


Class X.— DICOTYLEDONS. 

ThjQ emhryo has two opposite cotyledons ; the endosperm is frequently 
absorbed before the seed is ripe. 

The ripe seed sometimes contains a large mass of endosperm and a 
small embryo, as in the Umbelliferee and Euphor\)iacefiB ; frequently the 
embryo is relatively large and the endosperm occupies only a small 
space, as in the Lahiatae ; or, fin^y, the endosperm may he wholly 
wanting and then the emhryo fills^e whole cavity of the testa, as in 
the Horse-chestnut, the Leguminosffi, and the Composites. 

15 
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The embryo tisually has distinct members, consisting of an axis 
and two opposite cotyledons ; in rare cases, e.g., Corydalis, only one 
cotyledon is present, or abnormally three may occur, as is occasionally 
the case in the Oak and Almond. The cotyledons usually constitute 
the greater portion of the embryo, as in the Leguminosae (Fig. 189 
A c) and the Horse-chestnut where they are thick and fleshy. The 
stem (caulicle) bears at its apex above the cotyledons either a bud 
consisting of several leaves (plumule), as in Vicia (Fig. 189 Kn) or it 
is naked. In parasites and saprophytes which are devoid of chloro- 
phyll, and which have very small seeds, such as Pyrola and Orobanche, 
the embryo is quite undifferentiated ; it is simply a mass of tissue 
consisting of a small number of cells. 

On germination, after the testa is ruptured, the hypocotyledonary 
portion of the axis elongates so as to push the root out of the seed ; 
the root immediately begins to grow rapidly and attains a considerable 
length (Fig. 189 B h) whilst the remainder of the embryo is still 



Fio. 180. --Flda FoJba^ the Bean. A. Seed with one of Fio. 190.— Seedling of the Maple 
the ootyledone removed; c, the remaining cotyledon ; (nat. eiJEe): e, c, the cotyledona ; 

w, radide : Xnt, plumule ; «. testa. B, Germinating seed ; ibn, the plumule ; Ac, the bypocoty- 

testa ; I, a portion of the testa tmm away ; n. hilum ; ledonary portion of the axis ; w, 

it, petiole of cme of the cotyledons ; i, curved portion primary root ; h, root-hairs (the 

of Uie above the cotyledons ; Ac, the vary short lower part is cut off), 

hypocotyledonary portion of the axis ; A, the primary 
root ; its apex ; isi, bud in the axil of one of the 
co^dedoua. 
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contained in the seed. The cotyledons may either remain enclosed in 
the seed during the whole process of germination, and perish so soon 
as the nutritious substances contained in them have been absorbed by 
the plant (e.g., Horse-chestnut and Vicia, Fig. 189), their petioles at 
the same time elongating so that the plumule, which at first is bent 
inwards, is pushed out and subsequently becomes erect ; or, as is more 
generally the case, the cotytedons escape from the testa (Fig. 190), 
become green, and act as the first leaves of the young plant. 

The axis of the embryo frequently persists as the main axis of the 
plant which grows in length and produces numerous less vigorous 
lateral shoots ; but it often happens that some of these lateral branches 
subsequently grow as vigorously as the main axis ; when this is the 
case and when also the lower and feebler shoots die off, a head, such 
as is common in forest^trees, is the result; in the case of shrubs 
vigorous branches are formed quite low down on the main stem. In 
many forest-trees the stem (trunk) and branches are sympodial, the 
uppermost lateral bud growing each year in the direction of the main 
axis which does not itself develope any further ; besides those there 
are many and very various arrangements by means of which the life 
of the individual is transferred to new lateral shoots ; such as the forma- 
tion of rhizomes, runners, tubers, and sometimes of bulbs, on stems 
and roots. When the axis of the embryo continues to be the main axis 
of the plant the primary root also developes greatly, and forms a tap-root 
from which the lateral roots grow in acropetal succession ; in cases 
in which the growth in length of the taj)-root is limited, numerous 
adventitious roots spring from its older portions; these may again 
give rise to lateral roots, and by a repetition of this process an elaborate 
root-system is formed. 

The fibrovascular bundles of the stem are almost always open and 
the growth in thickness of the stem is effected by the activity of the 
cambium-ring which is formed (y. § 26). In certain cases, there are, 
in addition to these fibrovascular bundles which together form a ring, 
other isolated bundles which traverse the stem longitudinally, as in 
Begonia and Aralia; even more complicated modification in the 
arrangement of the bundles occur in Pii)erace8B, Sapindacees, Meiiis- 
pennacese, Phytolacca, &c. 

The branching of the stem is invariably monopodial and almost 
always axillary. Those cases in which, as for instance, in the racemes 
of the Cruciferae, the bracts are suppressed, are obviously not excep- 
tions to -this rule. 

The leaves exhibit infinite variety both in their relative position and 
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in their form. The foliage-leaves almost always consist of petiole and 
blade ; sheaths which surround the stem are comparatively rare, but 
stipules on the contrary are very common. Branching or sub-division 
of the leaves is common and is frequently indicated by the incision of 
the margin. The venation of the leaves is characterised by the 
presence of a large number of veins which project on the under 
surface, except in thick fleshy leaves, and which frequently anasto- 
mose ; a midrib is almost always present giving off lateral branches 
to right and left. 

The flowers, when they are lateral, are usually furnished with two 
bracteoles : they differ very considerably in their structure and cannot 
be referred to any one type. The following are the principal forms : 

1. In a considerable number the perianth and the andrcecium are 
isomerous, consisting of four, five, or six members ; their arrangement 
is either spiral (§) or whorled, so that the stamens are always super- 
posed on the leaves of the perianth ; the latter are all similar and are 
sepal oid ; there is no corolla (Juliflorae). Formula, P5 | A5, or Pn 
+ n, An + n, where n = 2 or 3. 

A certain connection exists between flowers having this structure 
and those in which there is in addition an alternating corolla and a 
second whorl of stamens which are superposed on the petals, as in 
many ControspermsB. Formula, Kn Cn An + n, where ii usually 
= 5. 

2. In a second group, all the parts of the flower are arranged in a 
continuous spiral : the perianth may he simple, or a corolla may be 
developed in place of the external stamens ; when this is the case it 
alternates with the calyx, provided that it is isomerous with it, as in 
the Polycarpicae. With this type are connected by many intermediate 
forms those flowers in which the stamens are in whorls, and are much 
fewer in number ; their formula is Kn Cn An + n, where n usually 
= 5 or 4. This is the most common type of the structure of the 
flower ; it occurs in most Eleutheropetalee and Gamopetalse ; it may 
bo modified either by the suppression of one (usually the inner) whorl 
of stamens, or by their multiplication, their branching, or their 
cohesion, 

3. Finally there remain the flowers with a simple perianth : they 
cannot be directly compared with either of the above types, and they 
must therefore be left unexplained for the present, and the relation- 
^ships of their families must remain uncertain. These are the Mono- 
chlamydeie and the Tricoccae. 

^ The sub-divisions in which the Dicotyledons are arranged in the 
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following classification are especially characterised by the above- 
mentioned peculiarities in the structure of the flower. It is impossibh*, 
however, to draw sharp distinctions between the sub-divisions, the 
orders, and sometimes even between the families, for the position of a 
plant in the system depends not upon any one character, but upon the 
the aggregate of its characters. 

Sub-class I. JuLiFLOius. The flowers are always small and incon- 
spicuous, with a simple sepaloid perianth or without any perianth 
they are usually diclinous, and they are generally arranged in ameuti- 
form, glomerulate, or spadiciform inflorescences. 

Order 1. Piperinae. 

„ 2. Urticin®. 

„ 3. Amentace®. 

Sub-class II. MoNOCHLAMYDEiE. Tlio flowci's liavo usually a simple 
perianth, but they are conspicuous and are not aiTangod in amentiforin 
or similar inflorescences. The ovary is usually inferior. This sub- 
class consists of plants of doubtful affinity. 

Order 4. Serpen tarie®. 

„ 5. Rhizanthe®. 

„ 6. Balanophoro®. 

„ 7. Santalin®. 

Sub-class III; ELEUTnEROPETALAS. The perianth is rarely simple ; 
it usually consists of calyx and corolla, although the latter is su]>pressed 
in many cases. The petals are very seldom coin ‘-rent. 

A. Tncoccce, Flowers usually diclinous ; perianth usually simple, 
but sometimes consisting of calyx and corolla, and sometimes absent ; 
ovary superior and usually trilocular, with one or two anatropous ami 
generally suspended ovules in each loculus ; seed containing endosperm. 

Order 8. Tricocc®. 

B. Centrospennee. Flowers usually hermaphrodite ; perianth simple, 
or consisting of calyx and corolla ; ovary superior with a single central 
ovule or a central placenta ; seed containing endosperm. 

Order 9, Polygonin®. 

„ 10. Caryophyllin®. 

C. Aphanocydicce. Flowers acyclic, hemicyclic, or cyclic ; perianth 
in some cases simple but usually consisting of calyx and corolla ; 
stamens nearly always more numerous than the segments of the 
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periaatli, somstimes indefinite with a spiral arrangement, some- 
times mnltiplied, and rarely encyclic with the perianth; gynoecium 
sometimes apocarpous; ovary nearly always superior, with usually 
parietal placentas. 

Order 11. Polycarpicas. 

„ 12. CruciflorsB. 

„ 13. Cistiflorss. 

„ 14. Columniferas. 

D. EucyclicoR, Flowers mostly hypogynous, cyclic, 4- or 5-merous, 
having calyx and corolla and two whorls of stamens, the number of 
stamens in each being the same as that of the petals, rarely a larger 
number ; gynoecium syncarpous. 

Order 15. Gruinales. 

„ 16. Terebinthinae. 

„ 17. -^sculin®. 

„ 18. FrangulinfiB. 

E. Caliciflorm, Flowers almost always either perigynous or epigy- 
nous, cyclic, 4- or S-merons, usually with calyx and corolla ; the 
stamens are as numerous or twice as numerous as the petals, in one or 
several whorls ; gynoecium syncarpous or apocarpous. 

Order 19. Umbelliflorm. 

„ 20. Saxifraginae. 

„ 21. Passiflorinee. 

„ 22. Opuntinae. 

„ 23. Myrtiflorse. 

„ 24. Eosiflorae. 

„ 25. Leguminosae. 

„ 26. Thymelaeinae. 

Sub-class IV. Gamopetal®. The perianth always consists of calyx 
and corolla, the latter being nearly always gamopetalous : the corolla 
is suppressed in a very few cases only. 

A. IsocarpecB, The carpels are nearly always as num^ous as the 
segments of the calyx and corolla ; ovary usually superior. 

Order 27. Primulinae. 

„ 28. Diospyrinse. 

„ 29. Bicomes. 

B. Anieoeofpew. These are usually onjy two median (or somewhat 
oblique) carpels. 
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1. HypogynflB : ovary superior. 

Order 30. Diandrse, 

„ 31. ContortaB. 

„ 32. TubifloMa 

„ 33. LabiatiflorsB. 

2. Epigynae : ovary inferior. 

Order 34. CampanulinsB. 

„ 35. Aggregatse. 


Sub-Class L— JULIFLOE^E. 

The flowers are always small and inconspicuous with a simple 
sepaloid perianth or without a perianth ; they are usually diclinous, 
and they are generally arranged in amentiform, glomerulate, or spadici- 
form inflorescences. 


Order 1. Pipbrin^ 


The flowers are usually hermaphrodite, and they are arranged in a 
spike or a spadix, with bracts ; perianth usually absent. Ovule or- 
thotropous, solitary, basal, or suspended ; in rare cases there are several 
parietal ovules. The embryo is small and lies imbedded in endo- 
sperm, in a depression of the abundant perispcrm. 


Fam. 1, PiPBRACEJE. 
Ovary unilocular with 
a single orthotropous, 
erect, central ovule. The 
inflorescence is a long 
spadix with peltate sub- 
tending bracts (Fig. 
191 /, /jelow) in the 
axils of which the 
flowers are situated. 
The flower consists only 
of an ovary (Fig. 191 / 
above) and six, three, or 
sometimes two stamens; 
the fruit is a berry. 



Fio, 191.-- Part of the spa- 
dix of Peperomia, with a 
flower: / (below), the sub- 
tending bract; «, «, the two 
stamens ; / (above), ovary ; t, 
surface of the spadix (mag.). 





Fig 192.— Partof thobicra 
of Urtica ureiu, with a leaf 
(fj, in the axil of which is 
the branch (m), at the base 
of which are the inflorescen- 
ces (6), without any bracts 
(nat sise). 


Piper nigrum is a climbing shmb belonging to the East Indies ; the unripe 
dried fhiits are black pepper ; white pepper consists of the ripe fruits of the same 
plant, which, after maceration, are freed from their outer coat. 
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Order 2. — Ubticinjb. 


Flowers usually diclinous, in inflorescences of various forms; perianth 
usually present, simple, sepal oid, consisting of five or four (2 + 2) 
segments ; stamens opposite to the segments of the perianth excepting 
in the Platanem (Fam. 5) ; ovary superior, monomerous, unilocular, 
a second rudimentary carpel is usually present in the form of a second 
style ; ovule solitary, in difierent positions. Seed commonly contain- 
ing endosperm. The inflorescences in Fam. 1-3 are usually situated 
two together at the base of a modified shoot which springs from the 
axil of a leaf, and they are cymose (Fig. 192). Tlie leaves are 
generally hirsute. 


Fam. 1. Urtioejb. Ovule central, orthotropous, erect. Seed contain- 
ing endosperm. They are mostly herbs or shrubs without milky juice 
and frequently provided with stinging-hairs. Flowers polygamous, 
monoecious or dioecious, in paniculate or glomenilate inflorescences. 



Urtica ‘urens and dioica (Stinging-Nettles) are 
known by the stinging hairs which are distributed 
over their whole surface ; the two outer seg- 
ments of the perianth of the female flower are 
larger than the inner segments (Fig. 193 B). In 
the former species the male and femide flowers 
are contained in the same panicle, and the floral 
axis is but feebly developed ; in the latter they are 
on different plants, and the axis is well deve- 
loped and bears leaves. Bohimria nivea^ a native 
of China and Japan, has strong bast fibres used 
for weaving the material known in England as 
Grass-cloth. Parietaria erecta^ having polyga- 
mous flowers with a gamophyllous perianth, and destitute of stinging-hairs, 
occurs occasionally on walls, by roadsides, etc. 


103.—.^ Male ; B female 
the Stinging Nettle, 
p, perianth ; a, stamen : 
n\ rudimentary ovary of the male 
flower ; ap, outer ; ip,, inner whorl 
of the peiianth : n, stigma of the 
female flower (mag.). 


Fam. 2. MoRBiE. Ovule suspended, anatropous or campylotropous, 
more rarely basal and orthotropous : seed with or without endosperm ; 
tlio fruit is enveloped by the perianth which becomes fleshy, or by a 
fleshy floml axis. Trees and shrubs with milky juice, scattered leaves 
and deciduous stipules. 

Moras alba and nigra (Mulberry) come from Asia ; the flowers are disposed in 
short catkins ; the catkins are borne singly on shoots which, at the time of flower- 
ings are still buds, and they contain flowers of one sex only (but the flowers are 
monoecious) ; the female flowers give rise, as ripening takes place, to a spurious 
fruit (sorosis), consisting of spurious drupes formed by the perianths. The leaves, 
particularly of tlie former species, are the food of the silk- worm. Broussonctia 
papyriferia (Paper Mulberry) has flowers like the preceding, but they are dioecious. 
The bark is made into paper in China and Japan. Maclura iinctoria, in Central 
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Fm. 194. —Longitudinal 
section of a Fig (nat. aiao) : 
rt, a, fleshy axis of the In- 
florcsceneo ; /, fcmiUo ; w, 
nialo flowers ; 6, bracts. 


America^ yields Fustic, a dye. Ficus Carica^ is the Fig-tree of Southern Europe ; the 
fig itself (termed a ayconus) is the deeply concave axis of the inflorescence, on the in- 
ner surface of which the flowers and subsequently the fruits, 
in the form of hard grains (achenes) are borne (Fig. 194 mfj\ 
the cavity is closed above by small bracts (Fig. 194 b). 

Ficus dastica is the Indian-rubber tree ; it is frequently 
cultivated in rooms. F. rcligiosa and other East Indian 
species yield Caoutchouc, which is their inspissated milky 
juice (latex). Artocarptis incisal is the Bread-fruit tree 
of the South Sea Islands; the large spurious fruit (sorosis)of 
this tree is roasted and eaten as bread. Oalactodendron 
tUilCf the Cow-tree of Columbia, has a nutritious latex, 
while that of Antiaris toxienria (Java) is poisonous. 

Fam. 3. Cannabine.®. Ovule suspended, 
campylotropous. Flowers dioecious, in paniclod 
inflorescences. The male flowers (Fig. 195 A) 
have a 5-partito perianth and 5 short stamens ; the female flowers have 
a tubular entire perianth (Fig. 195 D p>) enclosed in a bract (Fig. 
195 i? d). Herbs with decussate leaves — at least the lower ones — 
and persistent stipules ; devoid of latex. 

Cannabis sativa, the Hemp, is a native 
of Asia, cultivated throughout Eurojjc. 

The male inflorescences are panicled dich- 
asia or scorpioid cymes, and are disposed 
on both sides of a rudimentary shoot at 
tlHj a[>ox of the plant ; the female flowers 
are placed singly bn both sides of a similar 
shoot, which bears secondary shoots in 
the axils of its leaves, each having two 

flowers. The tough bust-fibres arc used in _ ^ „ 

® Fia. 190.-- A Male flower of the Hop: 

weaving and for ropes ; the seeds contain poriuutU . «, stamen.. B. Female 

a great deal of oil. llumulus Lupalus^ flower : p, pci iatith ; /, ovary, with two 

the Hop, is both cultivated and found stigmas (n); flower is enclosed in ite 

wild. The stem, whicli 1ms the iwculiarity ^ • '• ‘ “*■ 

«... .,..1 •la.i - 1.1 pules, from tb<- common axil of which the 

of twining to the right, bears lU leavea uraneb bea.-i«g the newer, spring., 
in pairs, each of which has two pairs of 

membranous stipules. In the inflorescence the bracts are placed singly, and are 
finally repre.sented only by their stipules. In the female inflorescence, which has 
the appearance of a fir-cone, a nidimeutary shoot is pre.sent in the axil of each 
pair of stipules which bears two flowers on each side ; it seems at first sight as if 
two flowers were developed in the axil of each stipule (Fig. 195 B). All the 
bracts are covered, especially on the upper surface, with numerous yellow glands. 
In the male inflorescence the shoot w^hich bears the flowers is well developed. 

Fam. 4. llLMACEiE. Ovule suspended and solitary. Flowers mostly 
hermaphrodite with a 4 to 6-partite perianth (Fig. 196 A), Woody 
plants devoid of milky juice, with deciduous stipules. The inflores- 
cences (glomerules) are borne directly in the axils of the leaves. 
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In the gentifl Ulmns the hermaphrodite flowers are fascicled in the axils of the 
leaves of the previous year, and they are invested by hud-scales ; one or more 
flowers are developed in the axil of the innermost scale before the opening of the 
leaves. The fruit is a samara, that is, an achene with a broad membranous wing 
(Fig. 196 J5). The leaves are alternate, and always 
oblique. The annual shoots have no terminal bud, 
and so they form a sympodium. Two species of Elm, 
are Indigenous in England. Ulmus campe^ris^ the 
common Elm, and Ulmus montaTux, the Wych or 
Mountain Elm : the former has rather slender bran- 
ches, leaves with distinct petioles and serrate margins, 
somewhat narrow at the base, and a seed which is 
above the centre of the samara ; the latter has thick 
horizontally spreading branches, leaves with very 
short petioles and doubly seiTate margins, broad at 
the base, and a seed which is central in the samara. 
CeMis australis^ from Southern Europe, and C, occidentalism from N. America, are 
often cultivated as ornamental trees ; their flowers are polygamous, and they are 
placed singly or several together in the axils of the oblique acuminate leaves ; the 
fruit is a drupe. 

Fam. 6. PiATANBiE. The diclinous flowers are arranged in glomerules 
home laterally on pendulous branches. In the male glomerules a number 
of stamens are present together with scales which probably represent 
the several perianths : in the female glomerules there are similar scales 
among which are the unilocular ovaries, eacli containing a single 
suspended orthotropous ovule. They are trees destitute of latex 
having scattered leaves and persistent sheathing stipules. 

Platanus occidentalism from N. America, with three-lobed leaves, and P. oricn- 
taliSj from the East, with usually five-lobed leaves, which are often cuneiform at 
the base, are frequently cultivated (especially the former). The smooth bark, 
which is shed in flakes, is very remarkable. The Plane may be at once distinguished 
from the Maples, which resemble it a good deal in the form of the leaf, by the 
scattered arrangement of the leaves. 

Fam; 6. Ceratophyllb^. Submerged water-weeds of doubtful 
afiinity, with whorled, sessile leaves dichotomously divided and sub- 
divided j in the axils of some of these the diclinous monoecious flowers 
occur. The male flowers consist of from 6-12 perianth-leaves and about 
as many stamens ; the female flowers have a similar perianth and a 
unilocular ovary with a single suspended orthotropous ovule. 

Ceraiophyllum demersum and suhmersum occur submerged in ponds and ditches. 



Fio. 196. —A. Flower of 
Ulmui (mag.) : d, 

bract; p, perianth; a, atamens. 
B. Fruit (samara) (nat slse) : 
fn, membranous margin 
(wing). 


Order 3, — ^AMSKTACBbE. 

The flowers, which are always diclinous and generally monoecious, 
are arranged in catkins (amenta). The perianth, when it is present, 
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eoRsists of five, four (Le., twice two) or six (Le., twice three) segments; 
the stamens are generally superposed on the segments of the perianth. 
The ovary is usually inferior, di- or tri-merous, with numerous ovules. 
The fruit (with the exception of Fam. 7, ^ 

the Salicinem) becomes by abortion one- 
seeded, and is indehiscent : the seed has no 
endosperm. The flowers are furnished with 
bracts which often form investments for the 
fruit : their arrangement in the first three 
families is as follows ; in the axil of a ^ 


■(i 


@ 



primary scaly bract (the primary bracts being 
arranged spirally in the amentum) is a 
flower (h) with two bracteoles a and in 
the axil of each of which is another flower 
with two more bracteoles a and /3' (Fig. 197). 
They are trees and shrubs. 


Pro. 197.— Diagram of a group 
of flowers in n t 3 'pical amcntacoous 
plant ; d, primary bract ; b, tbo 
median flower, with the secondary 
bracts (bracteoles), a and j3 : 
the two lateral flowers, with the 
tertiary bracts, q' and 


Fam. 1. BETULACEiE. The flowers are monoecious but in different 
catkins. The female flowers have no perianth : the ovary is bilocular 
with two ovules : the fruit is one-seeded, indehiscent, without any 
investment : the primary bract is coherent with the two or four 
bracteoles (the bracteoles a' are always absent) to fonn a three or five- 
lobed scale which does not adliere to the fruit. 


Alnus, the Alder. In the male amenta three flowers with four bracteoles occur in 
the axil of the primary bract, each flower having a perianth of four segments ainl 
four uiibranched stamens. In the female amenta the median flower is absent ; 
the four bracteoles coalesce with the 
primary bract (Fig. 198 v s) to fonn 
a five-lobed woody scale which persists 
after the fall of the fruit which is not 
winged. The male catkins occur termi- 
nally, and the female laterally on the 
highest lateral branch, on the shoots of 
the previous year ; they are not enclosed 
by bud-scales during the winter, and 
blossoming takes place before the open- 
ingof the leaves. The leaves have usually 
a I arrangement; in .4. incana^ the white 
Alder, the leaves are acuminate and gray 
on the under surface ; in A, glutinosa^ 
the black or common Alder, they are 
obovate or even emarginate and green 




Fio. 198.— Beale from a male catkin of 
Alnutt incana: the axiU.iry branch adheres to 
the scale (s), it bears four bracteoles and three 
flowers; two of the flowers are scon laterally 
I/), the median one from alwve ; p, perianth ; 
a, stamens. £, Scale («) of a female catkin of 
the same plant : its axillary branch beam two 
lateral branches, each of which bears two 
bracteoles (v, v) and one flower ; /, the ovary ; 
n, the stiginas (magnified and diagrammatic). 


on both surfaces. In Alntts viridiSf 
the mountain Alder, the male catkins only are destitute of bud-scales in the winter. 
Betula, the Birch. In the catkins of both sexes the three flowers have only :th6 
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bracteoles n and p. In the male flowers the perianth is usually incomplete, and 
there are only two stamens, the filaments of which are forked. In the female 
catkins, the two bracteolos cohere with the primary bract to form a three-lobed 
scale which falls off together with the winged fruit The male catkins are borne 
termihary on the shoots of the previous year, and are not covered with bud-scales 
during the winter ; the female catkins are borne terminally on lateral dwarf-shoots, 
which have only a tew leaves, and they are enclosed by bud-scales duiing the winter ; 
as a consequence flowering takes place after the unfolding of the leaves. The shoots 
of successive years form sy in podia, and the leaves are arranged spirally. £. verru^ 
coaa has white glands on the hiavcs and young shoots ; B. puhcscens has no glands, 
but the shoots are hairy ; it is a northern form ; B. friiticosa and B. nam are 
shrubs occurring in high latitudes ; B. alba is the common Birch. 

Fam. 2. Corylace-s. Flowers monoecious, in male and female 
catkins. The male flowers have no perianth; that of the female 
flower is rudimentary. The ovary is bilocular with two ovules. The 
fruit is one-seeded and indehiacent Two flowers are borne in the axil 


of the primary bract of the female catkin, the median flower being 
absent. Each fruit is surrounded by a leafy investment (cupule) formed 
by the three bracteoles (n /3, and /3ai respectively) of each side. 


In the male catkin the median flower 
of the stamens are deeply forked. 


n 



Fig. l90.~Corplus Avellana. A, Scale (»)of a 
male catkin, with the stamens ffj, and anthers 
(a). B. Female catkin : the lower scales («) have 
no flowers ; the stljjmas (n) project above. C. A 
single female flower surrounded by the invest- 
ment (bracteoles) (c), with two stigmas (n) (mag. 
anddiag.X 


only is developed ; the filaments 

In Coryliis, the Hazel, the female 
catkin resembles a bud, since the 
external sterile bracts have the same 
structure as the bud-scales (Fig. 199 
B) ; the red stigmas project at the 
top ; the investment of the fruit is 
in’egiilarly cut ; a small projection is 
formed on the fruit, the nut, by the 
remains of the perianth. Each pri- 
mary bract of the male amentum bears 
two bracteoles a and j3, and four 
forked (so apparently eight) stamens 
(Fig. 199 A). Both kinds of amenta 
are placed in the axils of the leaves 
of the previous year, and are not 
enclosed during the winter ; hence 
flowering takes place before the un- 
folding of the leaves. Leaves distich- 
ous. C. Avellana is the common 
Hazel ; C. tubulosa^ with red leaves, 


the Copper Hazel, is cultivated as an ornamental shrub. 

In Carpinus, the Hornbeam, the fiiiit has a three-lobed investment ; the fruit 
is ribbed and is surmounted by the perianth. The primary bract of the male 
catkin bears 4-10 deeply forked stamens ; there are no bracteoles. The catkins 
of both kinds are borne at the apex of short leafy shoots of the same year, henoe 
flowering takes place after the unfolding of the leaves. Leaves distichous. The 
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snntuil shoots form sympodia. C, BettUua has an irregularstem and senate leares 
which are folded along the lateral veins. In Ostrya (Southern Europe) the in- 
vestment of the fruit is an open tube. 


Fam. 3. Cupulifer®. Flowers monoecious with a perianth of five 
or six segments. Ovary trilocnlar with two ovules in each loculus ; 
the fruit is one-seeded and indehiscent (a nut) ; it is invested by a cupulo 
fonned probably by the connate bracteoles oj and having its 
surface covered with scales, prickles, &c.The filaments are not forked. 



Fio. 200,—QaercaHpeUi>neulata. A. JMalo flower matfnified; 
p, perianth ; a, MtanicnH. B. Female flower maafnifiod ; d, 
bract ; c, cupulo ; p, the sujxjrlor ];)oriautb ; jr, tho atylo ; 
n, tho stigma. C. The sixmo still more magnified, in longi- 
tudinal section ; /, ovary ; <r, ovules. 


In Quercus, the Oak, the 
male catkins are loose ; each 
bract bears a single flower in 
its axil without bracteoles : 
the perianth is 6-7 loW, 
and the stamens from 6-10 
or indefinite (Fig. 200 a). 

There is a single flower, the 
median one, in the axil of 
each bract of the female 
catkin ; thus the cupule 
invests only a single fruit, 
forming the so-called cup 
at its base. The leaves are 
developed in f order near 
the apices of the annual 
shoots ; the annual shoots 
are always apical. The male 
catkins are borne in tlie axils of the uppermost bud-scales (pairs of stipules) on 
both long and dwarf shoots of tho same year, the female catkins in the axils of tho 
foliage-leaves of the a]»ical shoots : flowering takes place shortly after the unfolding 
of the leaves. The cotyledons remained enclosed in the testa during germination. 
Quercus Jlobur is the English species, of which there are two varieties, Quercus 
pedunculata and Quercus smiliflora : the former 1ms elongated female catkins, 
so that the fruits are widely separated from each other, and its pinnately lobed 
leaves are shortly stalked and cordate at the base : the latter has compact female 
catkins, so that the fruits form a cluster, and its leaves have longer petioles, and 
are narrow’ed at the base. Quercus Suher is the Cork.Oak of Southern Europe. 
There are also several North American species. 

In Fagus, the Beech, the catkins of both kinds have the appearance of stalked 
capitula. The flowers of the male catkin arc closely packed, they have a peri- 
anth of 4-7 segments and 8-12 stamens. The female catkin consists of two floorers 
only which are invested by a single cupule and by four delicate leaflets. The 
cupule is covered with hard bristles, and when ripe splits into four valves to allow 
the two tiicpietrous fruits to escape ; each fruit bears at its apex a brush -like 
remnant of the perianth. The female inflorescences are borne on erect axes 
in the axils of the leaves of the apical shoot of the same year, the male on pendu- 
lous axes springing from the axils of the lower leaves of tlie shoots. Leaves 
distichous, approaching each other on the under surfaces of the shoots, their 
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ftxillary buds approaching each other on the upper surface : the winter buds ara 
elongated and pointed. The cotyledons escape from the seed on germination. 
Fagfua aylvaiica is the Common Beech : a variety with red leaves, the Copper 
Beech, is very generally cultivated. 

In Castanea, the edible or Spanish Chestnut, some of the catkins consist at 
their lower part of female flowers and at their upper of male flowers, whilst others 
have only male flowers. In the axil of each bract there are usually either seven 
male or three female flowers ; the latter are invested by the bracteoles a and jS, 
and by a cupule fomed by the other four bracteoles ; the cupule, which is covered 
with prickles, com^pletely encloses the fruit until it is ripe, when it splits into 
four valves. Both kinds of catkins are formed in the axils of leaves of shoots of 
the same year, the mixed catkins being nearer to the apex than the male ones. 
The leaves are arranged spirally on vigorous shoots ; they are distichous on the 
less vigorous lateral shoots. C, vulgaris^ from Southern Europe, is cultivated in 
parks ; it has undivided toothed leaves. 

Fam. 4. Juglande-b. Flowers monoecious, the two kinds of flowers 
being contained in distinct catkins. Each bract bears in its axil a 

single flower with two brac- 
teoles. The ovary is inferior 
and dimerous, and encloses a 
single erect orthotropous ovule. 
The male flowers are usually 
borne on the bract ; they may 
or may not have a perianth, 

Fio. 201. — A. Scale of the male catkin of jugiam stamcns are indefinite 

ni( 7 ro bearing a flower ; p, perianth and bracteoles ; (Fig. 201 A), The fruit is 

flower of the same plant ; I, bracteoles ; c, perianth ; drupaceOUS ; the leaves are 
n, stigmas (magnifled). * pinnate, and like the flowers 

they are aromatic. 





In Juglans the male catkins are home on the apices of the leafless shoots of the 
previous year, and the few-flowered female catkins on the apices of the leafy shoots 
of the same year. The bracteoles of the female flowers (Fig. 201 1) grow up 
around the ovary. The succulent mesocarp is thin, and ruptures irregularly ; the 
hard endocarp opens on germination along the line of junction of the two carpels, 
and then the incurved margins of the carpels are seen as an incomplete longitudi- 
nal septum projecting between the two cotyledons of the embiyo which is 
closely invested by the endocarp. regia, the Walnut Tree, is a native of 
Southern Europe ; in North America, J, cinerea and nigra occur ; also various 
species of Carya, the Hickory, remarkable for its very hard wood. 

Fam. 5. MYRiOACBiE. Trees or shrubs; the flowers, which are 
diclinous and sometimes dioecious, are arranged in catkins ; a perianth 
may be present or absent, when present it is scaly. The ovary is 
dimerous and unilocular with one erect orthotropous ovule. 

Myrwa QaU, the Bog-Myrtle, is a shrub occurring on moors. M, eeriftra, 
banging to North America, secretes a quantity of wax on its fruits. 



0B0T7P IV. — PHANEBOOAMS, 


239 


Fam. 6. CasuaeinSl®. Trees having somewhat the appearance of 
Horse-tails (Equisetum) with long channelled intemodes and leaves 
forming a toothed sheath. The flowers are in unisexual catkins ; the 
male flowers consist of a single stamen and two perianth leaves, the 
female of a unilocular ovary invested by two bracteoles, which, when 
ripe, are hard and woody ; the whole female catkin then resembles a 
pine-cone. 

Several species of Casuarina are indigenous in Australia. 

Fam. 7. Salicinb^. The dioecious flowers are arranged in amenta, 
and they are borne in the axils of the bracts without any bracteoles. 
The perianth is represented by a disc or a scale. The ovary is 
superior, dimerous, and unilocular, and contains a number of parietal 
ovules. The dehiscence of the fruit is loculicidal ; the seeds are 
furnished with a pencil of silky hairs at their bases. The catkins are 
developed at the ends of lateral dwarf-shoots which always bear scales 
or even a few foliage-leaves. 

Salix, the Willow, has entire bracts, one or more 
nectaries (glands) in each flower, and usually two 
stamens, entire shortly-stalked leaves, and its 
winter buds are covered by a scale which is formed 
by the coalescence of two. The shoots, which 
grow throughout the summer, die down yearly. 

Some species, such as S, alha^ fragilis, and baby- 
lonicat the Weeping Willow, have pendulous 
branches, and are aborescent ; most of them are 202 .—^. Male ; B, fomalo 

V vv j t. CT i • 7 j j flower of Salix ; d, bmct ; h, dine ; 

shrubby, and some, such as S. reticulata, rctusa, . , 

, I , , , “» stamens ; /, ovary ; n, stigmas 

and herbacea are small decumbent shrubs occur- (enlarged). 

ring in the Alps and in high latitudes. In S. 

purpurea and incana the two stamens are connate ; S. triandra has three stamens. 
Most of the species grow on the banks of rivers ; S. auriia and caproea in forests, 
and S. rcpeiis and others on moors. 

Populus, the Poplar, has toothed or lobed bracts, a discoid perianth, and 
numerous (4-30) stamens ; the leaves are often lobed and have long petioles ; the 
winter-buds are enclosed by a number of scales ; the shoots have a terminal bud. 
In the Sub-gpnus Leuce the young shoots are pubescent, and the buds are not vis- 
cid ; the male flowers have usually only from 4-8 stamens, and the stigmas have 2-4 
lobes : to this section belong P. alba^ the White Poplar or Abele, wdth fivo-lobed 
leaves on the elongated shoots, which are woolly beneath, and P. frmuZa, the 
Aspen, with sinuate-serrate leaves glabrous beneath, which are versatile on the 
long slender and compressed petiole, and which are therefore very readily set in 
motion by the wind. In the Sub-genus Aigeiros, the young shoots are glabrous 
and the buds viscid ; the bracts are glabrous, and the number of stamens is usually 
from 15-30 ; the stigmas are entire or Shortly lobed: to this section belong P. 
mflrra, the Black Poplar, and a variety with erect branches, the Lombardy Poplar ; 
of the latter, only male individuals are usually cultivated. 




||iO PART IV.-UIHS CliASSlFtOATIOK OF PLANTS. 

' ' * Sub-Class IL— MONOCHLAMYDEiE. 

The flowers have a simple perianth which is not differentiated into 
palyx and corolla; they are usually conspicuous and do not form 
jamentaceous inflorescences : the ovary is usually inferior. The 
families which are here grouped together are all of doubtful affinity, 
but they agree in the very simple structure of their flowers ; this sub- 
class must therefore be regarded as provisional 


Order 4. — Serpbntarijs. 


Fam. Aristoloohiejj. Flowers hermaphrodite : Perianth of three 
connate petaloid segments forming a three-lobed tube : Stamens 6 or 
12 : Ovary inferior, usually 6-locular, with numerous ovules in two 
longitudinal rows along the inner angles of the loculi. The minute 
embryo is enclosed in the copious endosperm. They are herbs or 
shrubs, often climbing, with large leaves. 


In Asarum europceum (Asarabacca) the three 
lobes of the perianth are equal ; the twelve 
stamens are free, and the connective is produced 
(Fig. 203). The annual shoots of the creeping stem 
bear four cataphyllary leaves, two large petiolate 
rcniforin foliage-leaves, and a terminal flower. 
The lateral branches spring from the axils of the 
uppermost foliage-leaf and of the scales. In Aris- 
tolochia (see Fig. 154 p) the limb of the perianth 
is obliquely lipped ; the six anthers are sessile 
and adnate to the short style. A, Sipho is a 
climber frequently cultivated; A, Clcmatitis 
occurs on ruins, &c. ; the flowers of the latter 
occur usually several together in the axils of the 
leaves, and those of the former in pairs, one above the other, together with a 
branch in the axils of the leaves of the shoot of the previous year. 



Fia, — eiirojimim 

Longitudinal section of the flower 
(mag.) ; p, perianth (after Sachs). 


Order 5. — RniZANTHBiE. 

Parasites devoid of chlorophyll and without foliage-leaves, with a 
usually deformed vegetative body, and either solitary flowers of remark- 
able size or small flowers in a compact inflorescence. Ovules very 
numerous ; embryo rudimentary ; seed with or without endosperm. 

Fam. 1. Cytinejb. Cytinus Hypodstis is parasitic on the roots of Cistus in 
Southern Europe ; other species occur in America and South Africa. 

Fam. 2. Hydkoue.g. Uydnora and otheia are parasitic on the roots of Euphor- 
hie in America and in South Africa. 

Fam. 8. Hafflesiacejb. Kafflesia Amoldi is conspicuous for the enormous 
size of its flower ; it is parasitic on the roots of Ampelideae in the East India 
Islands. 
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Order 6. — BALANOPHOREiE. 

Parasites devoid of chlorophyll and without foliage-leaves, with 
a deformed vegetative body. Flowers dioecious or monoecious, in 
nany-flowered inflorescences. The female flowers usually consist of a 
unilocular, one-seeded ovary : the ovule has no integument ; it is 
suspended, and it adheres closely to the ovary. The embryo is very 
small. 

Balanophora, Lophophytum and others are Brazilian genera; others inhabit tro- 
lical Africa ; Cynomoriwti coceiTieum is found in the MediteiTaneau region. 

Order 7. — Santalin^b. 

Parasites with entire leaves, and provided with chlorophyll. 
Stamens equal in number to the leaves of the perianth and 8uperjw>sed 
upon them ; ovary inferior ; ovules devoid of integument 

Fam 1 . SANTALACEiE. Flowcrs generall}’^ hermaphrodite ; ovules 
suspended upon a free-central placenta : perianth 3-5-lobed ; fruit a 
lut or a drupe. 

ThcHum linophylluvrii the Bastard Toad-flax, is nn indigenous plant which is 
mrasitic on the roots of other plants. The leaves are narrow and linear. The 
tracts of the flowera, which are disposed in racemes, 
re usually placed high up on the pedicels, close under 
die flowers, and in most of the species constitute 
with the bractcoles a three-leaved epicalyx. The 
stamens are filiform, inserted at the base of the lobes 
3f the perianth. The perianth is persistent, remain- 
*ng curled up at the apex of the imlehiscent fruit of TUenum montnnvm: /. ovary ; 
;Fig. 204 B), Sahtalum albums an East Indian p, poriuntU; s, atamenH; n, 
■yree, yields Sandal wood. stigma (enlarged). 

Fam. 2. Lokanthace^ Flowcrs diclinous or hermaphrodite ; 
Dvule erect, adhering to th^ wall of the ovary : ]K*rianth of 4, 6, (»r S 
eaves ; fruit a berry. 

Viscum album f the Mistletoe, 

.'s parasitic on various trees 
orming conspicuous evergreen 
punches. The stem bears a pair 
Df opposite leaves (Fig. 205 b 5), 

’rom the axils of which new 
jranches spring, each bearing a 
3air of cataphyllary leaves and 
,hen a pair of foliage-leaves, 
while the main axis ceases to 
] 5 row, or produces a terminal 
inflorescence, consisting of three 
flowers (Fig. 205 hf)\ branches 
^r inflorescences may also spring from the axils of the cataphyllary leaves. The 

16 



Fio. 205. — A. Terminal ehoot of a female plant of 
the Mistletoe, Viuwn album: », stem; 6, 5, leaves; 
iTf k, axillary buds ; /, three female flowers with the 
fruit set. B. Male flower (mag.); p, perianth; a, 
anthers adherent to the leaves of the perianth. 
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flowers are dioecious. The fruit is a one-seeded berry with a viscid pericarp, by 
means of which thebeeds became attached to trees, and thus effect the distribution 
of the plant. The male flowers have mnltilocular sessile anthers which are inserted ^ 
(Fig. 205 J? a) upon the leaves of the perianth. Lorwrdhua europoevs occurs upon 
Oa^ in Eastern Europe. 


Sub-Class III.— ELEUTHEROPETAL^ 

The perianth is usually differentiated into calyx and corolla, though 
in many cases the corolla is suppressed. The corolla is nearly always 
eleutheropetalous. 

A. TricocccBn 

Flowers usually diclinous ; the perianth sometimes consists of calyx 
and corolla, sometimes it is simple, and occasionally it is absent,: the 
ovary is superior and usually trilocular with one or two anatropous 
and generally suspended ovules in each loculus ; the seed contains 
endosperm : the structure of the flowers is very various. The affinities 
of the group are not accurately known. 


Order 8 . — ^Trioocc.®. 

Fam. 1. Euphorbiacr®, The fruit is usually dry and dehiscent, 
splitting septicidally into cocci. The micropyle of the suspended ovule 
is directed outwards. They are plants of very various habit and floral 
structure, and they contain milky juice. 

The genus Euphorbia has cymose umbels 
or dichasia, the branches of which termi- 
nate in what were formerly regarded as 
hermaphrodite flowers but are really inflor- 
escences, each one being termed a cyathium. 
The cyathium consists of a tubular involucre 
(Fig. 206 p) between the five lobes of which 
glandular appendages, often of a semilunar 
form, are situated (Fig. 206 dr). Within 
this involucre are numerous male flowers in 
five groups, each of which consists of a 

PiQ. 206 .- Part of an inflores- gfugie stamen (Fig. 206 a) and is terminal 
conoe of a Euphorbia : h, h, bracts. ” i i 

in tha axils of which are the on a long pedicel, and One female flower 

flower buds (kn ) ; p is the invo- 206 a), consisting of a trilocular ovary 

lucre of the cyathium; dr, the _ _ ” . . . _ , 

glands ; <t, the male flowers ; g, (P^S* 206 f) at the base of which an indi- 

the pedicel of the female flower cation of a perianth may in some cases be 
n, the stigmas (enlarged). . . . j rp. ^ i • • • n 

detected. That the cyathium is an inflor- 
escence and not a single flower is most clearly visible in some foreign 
genera (Monotaxis) in wjiich a perianth is distinctly developed round 
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each stamen. There is a single ovule in each loculus of the trilocular 
ovary : the seed has a peculiar appendage termed a caruncle. 

In Mercurialis the male flowers have a three-leaved perianth and 
numerous stamens ; the female flowers have a similar perianth and a 
bilocular ovary. 

Ricinus bears its monoecious flowers in a compound inflorescence in 
which the male flowers are placed above and the female flowers below. 
The perianth is simple and five-lobed, the stamens numerous and much 
branched {v. Fig. 142). 

Of Euphorbia, the Spurge, a number of species are annual herbs, as E, Pcplus 
Cyparissias (both scarce in England) and heHoscopia (the common Sun Spurge) 
occurring in gardens and by roadsides; some South European forms ore small shrubs, 
as E. dendroides and fnUicosa. In Africa and the Canary Islands the genus is 
represented by species which much resemble Cactcfe in appearance ; their stems 
are thick and cylindrical or angular or sometimes spherical, producing small 
leaves which usually soon fall off. Mercurialis anntm and perennis (Dog’s Mer- 
cury) are weeds ; the first common in cultivated ground, the second in woods ; 
their flowers are dioecious. Ricinus communis (the Caster-oil plant) is a native 
of Africa, now frequently cultivated. Some species of Phyllanthus have phylloid 
branches which bear their small flowers in the axils of minute bristle-like leaves 
situated in indentations at the edge of the phyllocladc. Manihot aiilissima^ a South 
American plant, yields the starchy meal known in commerce as tapioca. From 
Siphonia clastica^ a species growing in Central America, most of the caoutchouc 
is obtained. 

Fam. 2. BuxiNEiE. The micropyle of the 8 US 2 )eiided ovule is 
directed inwards. Flowers monoecious, in glomorules, in which the 
terminal flower is usually female and the lateral ones male. Mahj 
flowers with a simple 4-leaved j^erianth and four superposed stamens ; 
the female with a trilocular ovary : fruit a capsule with loculicidal 
dehiscence. For the most part shrubs devoid of milky juice, 

Buxus sempervirenSf the Box, is an evergreen shrub of {Southern Europe ; the 
wood is valuable. 

Fam. 3. CALLiTRicniNBiE. Aquatic plants with decussate, linear 
or ovate leaves, in the axils of which stand the stjlitary diclinous 
flowers which are destitute of a perianth ; the male flowers consist of a 
single stamen, the female of a bilocular, spuriously (piadrilocular, 
ovary, with four suspended ovules the micropyles of which are di- 
rected outwards. 

Callitriche stagnalis and others are either submerged or they creep on muddy 
banks. 

Fam. 4. Empetrea:. Ovules solitary, ascending: flowers dioecious with 
three sepals, three petals, three stamens, and a 6-9-locular ovary : fruit 
of 6-9 drupes, They are shrubs resembling Heaths in appearance, 



244 


PART IV. — THB CLASSIFICATION OF PLANTS. 


Empe^m nigrum is a small shrub occurring in the north of Europe and in the 
Alps. 

B. CentrosperrrKB, 

Flowers generally hermaphrodite ; perianth either simple or differen- 
tiated into calyx and corolla ; ovary superior, with one central ovule 
or a free-central placenta bearing numerous ovules. The seed contains 
endosperm. 


Order 9. — Polygonin^. 


Flowers with a simple perianth, and a usually trimerous unilocular 
ovary with a single basal orthotropous ovule. 

Fam. PoLYGONEuE. The flowers have a simple 4, 5 or 6- leaved 
perianth which may be either sepaloid or petaloid, and usually the 
same number of superposed stamens ; but occasionally the stamens are 
more numerous or some of them are suppressed. Ovary usually 

trimerous, unilocular, with 
a single basal orthotro- 
pous ovule; the fruit is 
frequently more or less 
enveloped by the persistent 
perianth. The leaves have 
well-developed sheaths 
(Fig. 207 A v) and connate 
stipules forming an ochrea 
(Fig. 207 o) which embraces 
the stem for some distance 
above the leaf-sheath. 

Rlieum, the Rhubarb, has 
six (three internal and three ex- 
ternal) perianth leaves and two 
whorls of stamens, the outer 
containing six, and the inner 
three ; Bheum undulatum and 
other species are cultivated. 
Rumex, the Dock, has flowers 
of similar structure, but the 
inner whorl of stamens is absent; 
the triquetrous fmits aib com- 
pletely enveloped by the inner whorl of perianth leaves (Fig. 207 c) ; the leaves 
contain a large quantity of oxalic acid. Polygonum has usually five petaloid 
perianth leaves and a varying number of stamens (5-8) ; JP. Fagopyrum, the 
Buckwheat, is cultivated for the sake of its mealy seeds. 



Fio. 207.—.^. Portion of the stem («) of Polygonum, 
with a loaf (6), its sheath (y), and the ochrea (o) nat 
Bise). B. Flower of Rheum ; it*, external, c internal 
perianth-whorl : a, the stiunens. C. Fruit of Rumex, 
enclosed by the inner whorl of the perianth ; «, base of 
one of the perianth leaves ; k, external perianth leaves. 
J), Fruit of Rheum f/J; k, outer, e inner perianth 
whori (enlarged). 
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Order 10. — Caryophylline^. 

The perianth may be simple or it may consist of calyx and corolla. 
The ovary is formed of a varying number of carpels ; it is uni- or 
multilocular, and contains one or more anatropous or campylotropouvs 
ovules on a basal placenta, 

Fam, 1. Chenopodiace^. Flowers small, united to form a dense 
inflorescence : the bracteolea are usually suppressed. Stamens super- 
posed on the usually 5-leaved sepaloid perianth 
(Fig. 208). Ovary usually dimerous and uni- 
locular, with a single basal ovule. Stipules 
wanting. 

Cheno'piidium alburn^ the Goose-foot, and BJitum 
{Chenopodium) Bonus Henricus^ the All-good, are 
common weeds on garden ground and waste land. 

S/iinacia ohracca is Spinach, cultivated as a vegetable. “ Chouo- 

Bcta vulgaris is cultivated under the var. Cicla (enlurgod), k, iwn 

(Mangold). B. altisstma is th<^ species used m the ^ gtiguui. 
manufacture of sugar, and B. rubra is the red Beet- 
root. Sahola, the Salt-wort, and its allies, with fleshy stems and leaves, are 
conspicuous in the vegetation of the 8ea-.shore. 

Fam. 2. Amarantacea:. The flowers have the same atrucdure as 
those of the preceding family : they have usually bracteoles which 
frequently pctaloid ; in some (;ascs the ovules are numerous. Stipules 
absent. The flowers usually form dense infloi'escences. 

Species of Araaraiitlius and Celosia (Cock’s comb), the latter having a monstrous 
floral axis, are well known as ornamental plants. 

Fam. 3. Phytolaccacea:. The flowers have a simple, generally 
5-leaved perianth which is often pctaloid, and 
two whorls of stamens ; the number of the 
stamens is in many cases doubled (Fig. 209) : 
the number of carpels varies very much ; the 
ovary is multilocular, each loculus containing a 
single ovule. Stipules occasionally present. 

PhvtolaaxL decandra, a native of North America, is ^ 

^ .... ^ .. . Fio. 209.--DiaaTaniof the 

nsed as a colounng-matter in the manufacture of wine Phytolacca decan- 

and in other processes. dra. 

Fam. 4. Nyctagine.®. Perianth simple, petaloid, gamophyllous, 
5-leaved ; stamens in greater or smaller numbers ; ovary monomerous, 
unilocular, with one ovule ; the terminal flowers are surrounded by an 
epicalyx, but not the lateral ones. 

Mirabilis Jalapa, the Marvel of Peru, is an ornamental plant from America ; the 
roots are often substituted for those of the true Jalap (v. under the Convolvulace®). 





246 PART IV. — THE CLASSIFICATION OF PLANTS. 

Fam. 5. Cabyophtllace-b. Flowers generally pentamerons with 
calyx and corolla, though the latter is suppressed in some cases ; 
stamens in two whorls of which the inner is often wanting ; ovary 2, 
3, or 5-merous, unilocular, or multilocular at the base, with a central 
placenta or with a single basal ovule : fniit usually a capsule : leaves 
opposite decussate : stems usually tumid at the nodes. 

Sub-family 1. ParonydiicoB. Tbe corolla and the inner whorl of stamens are 
often entirely or partially suppressed ; the fruit is usually one-seeded and inde- 
hiscent : the leaves have usually scarious stipules 

Sderanthiis anmus and permnia (Knawel), Hemiaria and others, occur as 
small inconspicuous weeds on sandy soil. 

Sub-family 2. AJMnece. The corolla and the inner whorl of Stamens are usually 
present ; the calyx is eleutherosepalous ; fruit, a capsule ; usually no stipules. 

Sagina, Arenaria, Alsine, Cerastium, Stellaria, Spergula and others, arc small 
herbaceous plants with white petals, occurring in meadows, on roadsides, &c. ; 
they are distinguished from each other principally by the number of carpels 
present and by the mode of dehiscence of the fruit. 

Sub-family 3. Silenem. The corolla and the inner whorl of stamens are always 
present : the calyx is gamosepalous ; the fruit is a capsule (in Cucubalus a berry) : 

the leaves have no stipules ; the 
floral axis is often elongated be- 
tween the calyx and the corolla 
(Fig. 210 y) \ the petals (as in 
Lychnis and Saponaria) often have 
ligular appendages (Fig. 210 a;). 

The species of Dianthus, the 
Pink, which commonly occur wild 
are D. deltoides and anneria ; D. 
caryophyllv£y the Carnation, and 
D. chincnsis are well-known gar- 
den flowers : there are two styles 
and the calyx is siUTounded 
at its base by bracteoles. The 
genus Saponaria has two styles 
but no bracteoles ; S. officinalis, 
the Soap-wbi*t, occurs on the banks 

Fia. 210.— Longitudinal section of the flower of Qf rivers. The genus Silene has 
prolonged axl. between the g 

calyx and the corolla: x. ligxilar appendages or _ 

oorona (after SMhe). and others, are common m inca- 

dows. The genus Melandr 3 nim 
(Lychnis) has five styles ; the species M. rubrnm and album are dioecious. 
Agrostemma Oithago, the Corn-cockle, is common in fields. 

Fam. 6. Portxjlacaobjb. Calyx usually of 2 sepals and corolla of 
5 petals ; stamens usually 5, epipetalous ; ovary usually trimerous and 
unilocular ; fruit a capsule. They are herbs with scattered loaves ; 
the corolla is fugacious. 

Portulaoa olemcea, the Purslane, flrom southern Europe, and. other species 
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ftre cultivated as vegetables and as ornamental plants. Hontia has a gamopota* 
loos corolla, slit up one side ; it grows in ditches or in damp places. 

Fam. 7. AizoACEi®. Flowers with a simple perianth and usually 
indefinite stamens, the more external of which are often transformed 
into petaloid staminodes ; ovary multilocular. 

Many species of Mesembiyanthemum, natives of South Africa, are cultivated. 

C. Aphanocydicm, 

Flowers acyclic, hemicyclic, or cyclic, with a perianth sometimes 
simple but usually consisting of calyx and corolla. The stamens are 
nearly always more numerous than the leaves of the perianth ; some- 
times they are indefinite and spirally arranged, sometimes multiplied 
or branched, and in a few cases they are eucyclic with tlio perianth. 
The ovary is nearly always superior ; fruit usually apocarpous ; 
placenta usually parietal. 

Order 1 1 . — PoLYOABPiCiE. 

Flowers generally acyclic or hemicyclic, nearly always hypogynous ; 
perianth simple or consisting of calyx and corolla ; gynoecium 
apocarpous, often reduced to a single monomerous ovary ; very rarely 
polymerous and syncarpous. Seeds with or without endosperm. 

Fam. 1. Ranunculacb^ Perianth either simple and petaloid, or 
consisting of calyx and corolla, usually spiral : stamens numerous, 
occupying several turns of the spiral, or arranged in several alternating 
whorls ; ovaries numerous, spirally arranged ; rarely one only. The 
ovules are disposed on the two margins of each carpel, that is, in two 
rows down the ventral suture ; in several genera the number of the 
ovules in each carpel is reduced to one, which then originates from 
either the upper or the lower end of the cavity of the ovary. Seeds 
with endosperm. They are almost all herbaceous plants, and are 
either annuals or they have perennial rhizomes ; they have no stipules 
but they have amplexicaul leaves or petioles. 

Sub-family 1. Clematidm. Perianth simple, petaloid, with valvate aestivation. 
Ovaries numerous each containing a single pendulous anatrupous ovule. Climbing 
or creeping shrubs with opposite leaves. Fruit consists of a number of acbeues. 

Clematis Vitalha^ the Old Man’s Beard, is common in hedges ; it has a greenish- 
white perianth, and fruits with long feathery styles : <7. Viticellaj •patens^ 
and others, are cultivated as decorative plants. Atragene alpina^ occurring in 
the Alps and in Siberia, has its external stamens converted into petaloid 
staminodes. 

Sub-family 2. Anemoneos. Perianth simple, or consisting of calyx and corolla ; 
Aestivation imbricate. Ovaries usually numerous, each containing a single 
pendulous ovule. Leaves spirally arranged. Fruit consists of a number of achenes. 
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C a). Perianth simple : 

Thalictrum ; the species of this genus as T. minus, flavum and apUlegifolium 
the Meadow-Rues, have stems well covered with leaves, and flowers with an incon- 
spicuous, fugacious 4-5 leaved perianth, and a flat receptacle. Anemone has an 
hemispherical receptacle (Fig. 211 A t), and a simple petaloid, usually 5-6-leaved 
perianth. In most of the species the underground rhizome elongates into an erect 
scape which bears a single whorl of three leaves forming an epicalyx beneath the 



s 


Pio. 211.— Flowers of Ranr.ncnlacese: peduncle ; k, calyx ; c, corolla ; a, stamens ; /, ovary : 
n, stigma (all of natural siao or slightly magnified). A. Of Amnime Pulgatilla, longitudinal 
section : ?<., epicalyx ; t, receptacle. B. Gynoeciura of Ranunculus : x, reccjitacle with the 
points of insertion of the stamens which have been removed. C. Flower seen from below. 
D. Flower of Helleb<yrus -vitHdis, E. Of Aeonitum Napdlw : h, bracteoles ; k , hooded posterior 
sepal— the lateral sepal on this side is removed. 

terminal flower. In A. nemorosa, ranunculoides and others, these leaves resemble 
the folitige-leaves and often bear flowers in their axils, but in A. PulseUilla, and 
others, they differ from the foliage-leaves in that they are palmatifid (Fig. 211 
Ah); in A. HepcUica, in which the scapes spring from the axils of cataphyllary 
leaves, the three bracteoles are simple and lie so closely under the petaloid perianth 
that at first they appear to be the calyx of the flower. 
fb). Perianth consisting of calyx and corolla : ,, 

Ranunculus ; the calyx consists of five sepals and the corolla fire petals 
which alternate with the sepals and have a nectary at their base ; the itamena 
and carpels are arranged spirally. 

The genus includes water-plants with finely-divided leaves and white flowers. 
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as R. aqwUilia, Water crowfoot, fiuitans, &c. ; and land or bog plants usually with 
a yellow corolla os R, occr, the Buttercup, repenSf bulbostis and scelercU'us (all 
known as Crowfoot) and Flwmmula (Lesser Spearwort) ; they ai*e all more or less 
poisonous. R. Fuxiria (the Lesser Celandine) has 3 sepals and usually 8 petals. 
Myoaurua minimus (Mouse-tail) has a very long cylindrical receptacle ; the sepals 
are spurred, and the petals gradually pass into the stamens. Adonis, the 
Pheasant’s Eye, has completely acyclic flowers ; seimls 6, petals 8 or more, not 
glandular at the base ; stamens and carpels indefinite, arranged in order. A. 
autumnalis is the species which occurs in England. 

Sub-family 3. Helleborn(je<, Perianth generally consisting of calyx and corolla, 
the latter being ocoAsionally suppressed ; the petals are glandular at the base ; 
ovaries usually fewer in number than the leaves of the perianth ; ovules numer- 
ous, borne on the ventral suture : fniit usually consists of several follicles. 

(a). With actinomoridiic flowers : 

Helleboru.s, with acyclic flowers ; sepals in 5 arrangement, the petals, which are 
small and tubular, in f or 1^3-; stamens in ui-or ; ovaries usually 3-5 (Fig. 211 JJ). 
H. niger is the Christmas Rose ; H. viridis and foctidus are not rare. Nigolla has 5 
petaloid sepals and usually 8 (superposed if 6) 
small glandular petals. Trollius, the Globe- flow'er, 
has 5-15 petaloid sepals, and a similar number of 
small petals which, like the stamens, arc arranged 
spirally; T. ewro/wstts occurs in sub-alpine regions. 

Caltha, the Marsh- Marigold, has five yellow peta- 
loid sepals but no corolla. C. palustris is common 
in damp places. Acttea has a petaloid calyx and 
an alternating (sometimes aupj)resse(i) corolla ; it 
has a single carpel which becomes a baccate fruit : 

A. spicata^ the Bane-berry or Herb Chris, 
topher, occurs in woods. Aquilegia, the Col- 
umbine, has a cyclic flower (Fig. 212) : it 
has five petaloid sepals, and |>etals wdth long 
spura ; A. vulgaris^ alrata^ Aklciy and others 
occur wild or are cultivated as decorative idunts. 

(h) With zygomorphic flowers : 

Delphinium, the Larkspur, has the posterior of the five petaloid sepals 
prolonged into a spur : there are usually 5-8 petals of w'hich only the two (or four) 
posterior are developed, their sjmrs inojccting into that of the posterior sepal. 
D. Staphisagria is poisonous ; D. consolida has but one carpel ; D. Ajads is a 
common garden plant, with 1-5 carpels. In Aconitum, the Wolfsbane or Monk's- 
hood, the posterior of the 5 petaloid sei)als is large and hooded ; the two pos- 
terior of the 8 petals have long claws and are covered by the posterior sepal, the 
others being inconspicuous (Fig. 211 i? c). 

Sub-family 4. PasoniecR. The perianth consists of calyx and corolla, and the 
petals are not glandular : ovaries with numerous ovules, surrounded by a disc. 

In Pesmia^ the Peeony, the calyx consists of 6 sepals which gradually pass into 
the folii^-leaves; the 5 or more petals are larger; the stamens are spirally arranged. 
P. oJjUdnaUSt wrallmoLy and others are cultivated as decorative plants ; P. Moutan 
has a woody stem and a tubular disc. Fruit consists of several follicles. 



Fio. 212. —Diagram of flower of 
Aquilegia. 
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Fam, 2. Magnoliacba Perianth cyclic, consisting usually of three 
alternating trimerous whorls, one of sepals and two of petals : stamens 
and carpels numerous, arranged spirally : seed containing endosperm. 
Woody trees or shrubs. 

1. Magnoliece, Carpels very numerous on an elongated cylindrical receptacle : 
flowers invested by a spathoid bract ; stipules connate. Manila grandiflora and 
other species, and Liriodendron tulipifera (the Tulip tree) from North America, 
are ornamental trees. 

% Illiciem, Carpels in a simple whorl on a flat receptacle. (v Fig. 158). Illi- 
ciitm anisatumy the Star Anise, is a native of China. 

Fam. 3. Calicanthaobj:. Flowers acyclic, perigynous. 

Calimrdhus fioridus is an ornamental shrub with brown aromatic leaves. 

Fam. 4. NYMPHiEAOBjfl. Flowers usually acyclic without any sharp 
demarcation between the petals and the stamens ; pistil either apo- or 
syncarpous. Water-plants, generally wdth broad floating leaves. 

Sub-family 1. Nymphccinoe» Caq^els connate, forming a polymerous multi- 
locular ovary which may be either superior or inferior. Ovules numerous, 
placeiitation diffuse : seeds numerous, containing both endosperm and perisperm. 
The rhizome grows at the bottom of the water and throws up broad flat cordate 
leaves with long i>etiolea which float on the surface. The flower also reaches the 
surface, borue on a long peduncle. 

Nympkma alha^ the white Water-Lily, has four green sepals, a great number of 
white petals which, together with the veiy numerous stamens, are arranged 
spirally, and a semi-inferior ovary. Nuplmr luteurriy the yellow Water-Lily, has 
a calyx consisting of five greenish-yellow sepals ; the petals, which are smaller 
and yellow, are usually 18 in number, and form a continuous spiral with the 
indefinite stamens ; the ovary is superior. Victoria regm^ a Brazilian species, 
has peltate leaves of more than a yard in diameter. 

Sub-family 2. NelumUcce, Ovaries numerous, distinct, imbedded in the fleshy 
receptacle : seeds solitary, without endosperm. 

Kelumhium spcciosum is the Lotus of Egypt and Asia. 

Sub-family 8. Cahmnhecc, Flowers cyclic. Ovaries numerous, monomerous, 
each with from 2 to 8 ovules attached to the dorsal suture of the carpel. Seeds 
containing endosperm and perisperm. The submerged leaves are much divided, 
the floating leaves peltate. America and the East Indies. , 

Fam. 5. Menispermacejb. Flowers dioecious, 
cyclic ; the whorls are usually trimerous, and 
the calyx, corolla, and androecium have at least 
two whorls each. Carpels usually 3-6, distinct, 
one-seeded, but many-seeded in the sub-family 
Lardizalbeee. They are tropical climbing plants 
flo™ thi herbaceous steins and palmate leaves. 

HenlfpernuMeio. 

Fam. 6. BBBBBRiDEiB. Flowers hermaphrodite, cyclic, the calyx^ 




GROUP IV. — PHANEROGAMS. 


251 


corolla, and androBciiim each consisting of two di* or trimerous whorls. 
Ovary monomerous with numerous marginal ovules. Fruit capsular 
or baccate. Seed with endosperm. 

Berberia wZgaria is the Barberry ; its floral formula is ATS + 3, OS + 8, .48 + 8, 
0“ ; the flowers are in pendent racemes, usually without terminal flowers ; when a 
terminal flower is present its formula is ATS | 05 | Ab, Fniit an oval berry. 
The leaves of the ordinary shoots are transformed into spines (v. Fig. 12), in the 
axils of which are dwarf-shoots bearing the foliage-leaves and the inflorescences. 
Epimedium has a dimerous flower ; calyx of 1-5 whorls ; petals spurred. 

Earn. 7. MYRisTiCEiE. Flowers diclinous, 
cyclic j perianth simple, gamophyllous, 

8-lobed. Stamens 3-18 coherent into one 
bundle. Ovary monomerous, with one 
basal anatropous ovule : fruit a fleshy two- 
valved capsule. 



Myriatica moscJiata^ the Nutmeg, is a native 
of the Moluccas. The seed is invested by an 
arilliis, an integument which is developed after 
fertilisation ; it has a netted or laciniate appear- 
ance (Fig. 214 a) ; it is known in commerce as 
Mace. Seed large, with much endosperm the 
surface of which is corrugated ; the innermost 
layer of the brown testa closely follows all the 
windings, and this gives the endosperm a marbled appearance. 


Pio. 214.— Fruit of the Nntmeg- 
troe, Myrittica motcluita. P. Peri- 
carp, half of it removed ; $, the 
seed ; a, arillus (xmt size). 


Fam. 8. Laubinbas. Flowers hermaphrodite or polygamous, cyclic, 
usually trimerous (dimerous in Laurus) ; 
perianth simple, sepaloid, in two whorls: 
stamens 1 2, in four whorls ; the anthers 
open by 2 or 4 valves, sometimes iii- 
trorse sometimes extrorse ; the filaments 
have glandular appendages (Fig. 215 bh). 

Ovary trimerous (wrongly drawn as 
monomerous in Fig. 215), unilocular, 
with one suspended anatropous ovule. 

Fruit a berry or a drupe. Seed devoid 
of endosperm. 



These are usually evergreen shrubs with 
coriaceous leaves ; a few, as Cassytha, are 
parasites resembling the Dodder in habit. 


Fia. 215.— Stamen of Laurnz. A. 
Anthers opened, a, a; d, d, the valves ; 
h, b, jiflandular appendages. Diagram of 
Clnnamomum (ovary wrongly drawn). 


Order 12. — CRUCiFLOHiE. 

Flowers cyclic and usually dimerous, with calyx and corolla : ovary 
consisting of two or more carpels, unilocular or many-chamhered. 
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having often a false dissepiment but being scarcely ever truly multi- 
loeular. Formula usually (72 + 2, ^2 + 2 or oc, (?1> or (oc). 
Seed usually devoid of endosperm. 


Fam. 1. pAPAVBRAOEiB. Flowers actinomorphic, K2 02 + 2, ^4 oc 
(?if or (oc), or rarely with trimerous whorls : calyx sepaloid, corolla 

^ ^ petaloid : the numerous 

whorls of stamens al- 
ternate : ovary of two 
lateral carpels (in Fig. 
216 /f they have been 
wrongly represented as 
being median) or of 
more (Fig. 216 a), 
two- or more-cham- 
bered : ovules nume- 
, rous, attached to the 

1^10.216. — Flower of CM i(Zoniummo^'u«(nat. size) ; it, calyx ; *^711 

ca, outer ; ci, inner petals ; ct, stamens ; n, stigma. A. Dia- shghtly infolded edges 
gram of the flower of Chelidonium (the cariwls ought to be q£ Carpels (parietal 
lateral) ; a, Qyncecium of Papaver. \ i 

placentas) : endosperm 

abundant, embryo small. The sepals commonly fall off before the 
flower expands (Fig. 216 K), Plants with abundant milky juice. 



Papaver, the Poppy, has a many-charnberod ovary ; the fruit is a porous capsule 
(v. Fig. 160 J9). P. smnniferuvi is cultivated for the sake of the oil contained in 
the seeds, and as a medicinal plant ; P, Phoeas is common in corn-fields. 
Chelidonium majuSy the Celandine, has two carpels, a siliquose fruit and orange- 
coloured milky juice. Eschscholtzia califomicay is a cultivated plant ; it has a 
hollow receptacle, so that its flowers are almost perigynous. 


Fam. 2. FuMARiACBiB. Flowers usually zygomorphic, with lateral 
symmetry: floral formula, K2, (72 + 2, .^2 + 2, (?!!^ The three 
whorls of the perianth alternate ; one of the outer petals (rarely both) is 
furnished with a spur : the two inner stamens arc not in their normal 
position ; each of them is divided and the two halves are displaced 
towards the outer stamens ; hence there appear to be three stamens 
on each side, a central one, with a perfect anther (the stamen of the 
outer whorl, Fig. 217 B a) and two lateral stamens, each with only 
half an anther (the halves of the stamens of the inner whorl ; Fig. 
217 Baa), The fruit is siliquose and many-seoded, or one-seeded 
and indehiscent. Plants without milky juice. Seeds containing 
endosperm. 

Did,ytra {Dicmitra) spectabilis is a favourite ornamental plant ; both the outer 
petals are spurred, the two inner petals are hollowed at their apices so that they' 
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completely close tbe anthers. In Corydalia cam and aolida only one of the outer 
X>etals is spurred, the fruit is a two-valved capsule with numerous parietal seeds ; 



Pia. 217. — A. Flower of Didytra gpectabilit; one of the outer petals is removed ; », pedi- 
cel ; crt, the outer ; ci, the inner petals ; /, stamens. B. The three stamens of one side, seen 
from within ; /, filaments ; a, the middle complete anther ; O/, a„ the lateral half anthers. 
C. Flower-bud, with the sepals, which soon fall off, still adhering (k) (nat. siso). Diagram 
of Fumitory. 


these species have a tuberous rootstock ; others as (7. lutca, and awrea^ have 
rhizomes. Fumaria offijdnalia and others (Fumitories) are common in fields ; the 
ovaries contain but few ovules and of those only one ripens to a seed ; fruit globose, 
indehiscent. 

Fara. 3. CRUCiPERiE. Flowers usually actino- 
niorphic: floral fonnula, A'2 + 2,C x 4,^2 + 2^6^!!.’. 

The four petals form a whorl, alternating with 
the four sepals as if the latter formed one whorl ; 
there are, however, three perianth-whorls as in the 
two i)reccdiiig families ; hut whereas in them only 
the outermost whorl is sepaloid, in this family the 
two outer whorls are sepaloid, and the innermost, 
which alone is petaloid, is a whorl consisting of 
four instead of two members. The two outer stamens are lateral, as 
in those families ; the two inner ones, which in the Fum'ariaceeB are 
divided, are here duplicate, having longer filaments (Fig. 219 B h h) 
than the outer ones (a); hence the tetradynamous. There 

are often minute glands at the base of the ovary (Fig. 219 B d). 
The ovary consists of two carpels with the ovules in two longitudinal 
rows on the adnate margins of the carpels ; these two parietal pla- 
centas are connected by a membranous growth which, as it is not 
formed of the margins of the carpels, must be regarded as a spurious 
dissepiment ( replum ) (Fig. 219 D* E*^v Fig. 160 C w). When the fruit 
opens, the pericarp splits into two valves corresponding to the carpels, 
leaving the placentas attached to the dissepiment : the seeds remain 
attached to them for some time (u. Fig. 160 (7). 





Fio. 2ia — Diagram of the 
flowor of Cruciforw. 
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The flowers are in racemes in which the bracts are suppressed; 
when the lower pedicels are longer than the upper ones the raceme 
resembles a corymb and then the lower flowers are usually zygomor- 
phic, the petals turned towards the periphery being larger than those 
directed towards the axis of the inflorescence, as in Iberis. 



Fio. 219. — Flowers, fruits, and embryos of various Cruciferse. A. Flower of Brassica (nat. 
slso) ; s, p6dicel ; k, k, calyx ; c, corolla. B. The same after removal of the perianth (much 
mag.) ; a, a, the two outer short stamens ; 0, the four longer inner ones ; /, the ovary ; n, the 
stigma. C. Biliqua of Brassica: v, septum. J). Angustiseptal sllicula of Thlaspi. E. Lati- 
septal silioula of Drabo. D* and E"^, Diagrammatic transverse section of the preceding : v, 
septum ; «, seed. F. ludehisceut silicula of Isatis. 0. Jointed siliqua of Raphanus Raphani- 
strum: g, style; I, I, I, separate segments. A— Diagrams of differently-folded embryos, 
with transverse sections : r, ra(jdcle8 ; c, c, cotyledons. 

The form of the fniit is of importance in the sub-division of this 
order. In some genera it is much longer than it is broad when it is 
termed a siUqua (Fig. 219 (7 160 C) ; in others, it is not much longer 
or about as long as it is broad, when it is termed a silicula (Fig. 219 
D and JE), The latter is commonly somewhat compressed in one 
direction ; either parallel to the septum, that is to say laterally (Fig. 
219 and E^) so that the septum lies in the direction of the greatest 
diameter, when it is latiseptal, or perpendicularly to the septum, that 
is in the median plane, so that the septum lies in the narrowest 
diameter when it is angustiseptal. Fruits with only one or a few 
seeds and which are indehiscent are confined to only a few genera, 
such as Isatis (Fig. 219 F), So likewise is the jointed siliqua, which 
has transverse septa between the seeds ; when they are ripe it divides 
transversely into segments as in Raphanus (Fig. 219 G), 
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The embryo is folded in the seed in various ways ; the radicle 
may lie in the same plane as one of flat cotyledons (Fig. 219 .ff) when 
the cotyledons are said to be incumbent, Notarhizece (the diagram being 
Oil) ; or, the radicle may occupy the same position, the cotyledons being 
folded (Fig. 219 J), when the cotyledons are said to be incumbent 
and folded, Orthoplocece (diagram of section O^) > or, thirdly, the 
radicle may be lateral to the two cotyledons (Fig. 219 H), when the 
cotyledons are said to be accumbent, Ple^irorhizece (diagram 0=) • 
more rarely the cotyledons are spirally rolled so that in a transverse 
section they are cut through twice, Spirolohece (diagram Q || ||) ; or 
finally they may be doubly folded, and be seen four times, in a section, 
Diplocolobeae ; (diagram O II II II !!)• The seeds contain much fatty 
oil. 

A. Siliquosce. Fruit a siliqua, much longer than it is broad. 

Sub-family 1. AiiABiDEiE. O =» Chciranthus Cheiri, the Wall-flower ; 
Matthiola annua and inmna^ the Stock, are cultivated as garden plants. Nasiur^ 
Hum officinale is the Water-cress. 

Sub-family 2. SisYMBiuEiE. O ll« Sisyifnhrium officinale, the Hedge-Mustard, 
is common on rubbish heaps, and Erysimum on walla, &c. 

Sub-family 3. Biiassicea:. The species and varieties of Brnssica are 

much cultivated. Brassica oUracea is the Cabbage, with the following varieties ; 
acephala Scotch kail, Cow-cabbage or Bore cole ; bullata, the Savoy cabbage ; 
capitata, the red and white Cabbage ; gongylod-es or caulorapa, with the stem 
swollen at the base is the Kohl-rabi ; Wrytis, with connate fleshy peduncles and 
abortive flowers is the Cauliflower ; gemmifera with numerous lateral leaf- buds, 
known as Brussels sprouts. Brassica rapa is the Tuniip, with bright green 
hispid leaves and flat corymbs of flowers ; Brasaica Najms, the Baj)e, has glabrous 
glaucous leaves and long racemes of flowers, and is cultivated for the sake of the oil 
contained in the seeds ; both these species have fleshy underground stems. 
From B. rapa are derived the varieties campestris, the summer- turnip, and 
oleifera, the winter-turnip, as well as rapifera with a fleshy root, the white turnip. 
From B. Napus, are derived the varieties annua, the summer-Ilape, and hiemalis 
the wdnter-Kape, which yield oil, and the variety Napohrassica with an under- 
ground thickened stem, the Swedish turnip. Brassica nigra and Sinapis (or B.) 
alba are the black and white Mustard. 

B. Siliculosaa. Fruit a silicula. 

Sub-family 4. Latiseptaj. O or O ||- Cochlearia ojfficinalis, is the 
Scurvy-grass : C. Jrmorada has a thickened root, the Horse-radish. Alyssum 
calidnum, and Draba vema (Fig. 219 E) the Whitlow-grass, are common weeds. 

Sub-family 5. ANOUSxisEi’TiB. Cotyledons variously folded. 

Thlaspi arvense (Fig. 219 D), perfoliatum, the Penny-cress, and Capsella Bursa 
pastoris, tlie Shepherd’s-purse, are common weeds. In the last mentioned plant 
the petals are.not unfrequently replaced by stamens. 

C. Nucamenlacece, Silicula indehiscent, fow-seeded. 
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Ita^ tinotoria^ the Woad^ has compressed pendulous fruits which are uni- 
locular and one-seeded (Fig. 219 jF) : it is used as a blue dye. 

D. ZomsTitocecB. — Fruit a siliqua or silicula, con- 
stricted into one-seeded portions (Fig. 219 0), 
Raphanus satims^ the Radish, has a jointed 
siliqua and a fleshy napifonn root ; , R. Raphanis- 
trumt the Wild Radish or White Charlock, is a 
common weed. 

Fam. 4. Capparide^. Flowers actinomor- 
phic ; formula -f 2, C x 4, id 2 2* or 

oc, or oc : stamens only very rarely 6 and 
tetradynamous ; ovary borne on a special 
prolongation of the axis (gynophore) (Fig. 
220 E), Fruit a siliqua or a berry. 

The flower buds of Capparis apinosa from the 
South of Europe are known as cai)ers. 

Order 13. — Cistiflor.®. 



Pig. 220. — Hower of CapparU 
•pinosa (nat aiao); g, pedicel; 
k, oalyx ; e, corolla ; a, stamoua ; 
/, ovary on (t) gynophore. 


Flowers cyclic, having both calyx and corolla, generally pentamer- 
oua and hypogynous. The calyx has imbricate aestivation : the 
stamens are usually indefinite in consequence of branching, but in 
some cases their number is only twice as great or even the same as 
that of the petals : the gynoecium is syncarpous, the carpels usually 
fewer in number than the sepals : the ovary is uni- or multilocular, 
and no false dissepiment is ever present. 


Fam. 1. Rbsedacb^. Flowers zygomorphic, sepals and petals 5-8, 
the latter laciniate : stamens numerous : carpels 2-6 connate, forming 
a unilocular ovary, open at the apex, with numerous ovules on parietal 
placentas : seed without endosperm ; inflorescence a raceme, without 
bracteoles. 


Reseda ItUeoia^ the Dyer’s weed, is useful as a yellow dye ; R odorata is 
Mignonette. 

Fam. 2. Cistineab. Flowers actinomorjihic, usually pentamerous : 
the two external of the five sepals are generally stnaller, and some- 
times they are absent ; stamens numerous, probably in consequence of 
branching ; carpels 3 or 5, fonning a uni- or multilocular ovary : 
placentas parietal : ovules orthotropous ; seed with endosperm. Trees 
or shrubs with generally opposite stipulate leaves. 

Ciatus ladatiiferuSf creticua and other species grow in the South of Europe ; a 
balsam is derived from them. Jlefianihemum vulgarCf the Rock Rose, is an under 
shrub which grows wild in dry soils, 

Fam. 8. BiXACSiB. The seed of Bixa orelUma, a native of America, yields an 
orange-coloured dye known in commerce as Annatto. 
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Fam. 4. HtPBRiciNBiB. Formula, iTS CT -40 + 6 6?!’ or AO 

3 Stamens five, branched, superposed on the petals in con- 

sequence of the suppression of an outer whorl 
of stamens which is indicated by staminodes 
in some foreign genera : ovary uni- or multi- 
locular or many-chambered ; ovules numerous, 
anatropous ; placentas parietal : seed devoid 
of endosperm. Herbs or under-shrubs with 
decussate entire leaves, which are dotted over 
with translucent oil-glands ; exstipulate. 

Jll/pericum per/oratwtif hirstUum and humi/usum (St John’s Worts) occur 
wild in woods and raeadowa 



Pio. 221.— Diagram of Hyporl- 
cum. 


Fam. 5. Elatine^. Water plants with entire leaves, opposite or 
in whorls : flowers actmomorphic, 4-6-merous ; formula, A''n Cn -4u 
+ n ; solitary, without bracteoles, borne in the axils of the 
foliage-leaves. 

E. hexandra and Bydropipcr (Waterworts) occur, but not commonly, in England. 

Fam. 6. Tamaiuscinba 5. Flowers actinomorphic, 4 or 5-morou8, 
with one or two whorls of stamens : ovary usually trimeroiis, 
unilocular with basal or parietal ovules : capsule loculicidal : seed 
without endosperm, haviug a crown of hairs : flowers in racemes or 
spikes. 

The genus Tamarix is indigenous in Southern Europe ; T. gallica has become 
naturalised in England. 

Fam. 7. Tbrnstrcemiacbas. Perianth spiral ; the calyx is not 
clearly distinguishable from the numerous bracts ; stamens indefinite : 
ovary multilocular. Trees or shrubs with scattered, generally coii^ 
aceous, entire leaves, without stipulee. 

Camellia japonica is a favourite ornamental shrub ; Thea ehinensis^ of which 
the dried leaves are tea ; black and green tea are varieties resulting only from the 
mode 6f drying the leaf. 

Fam. 8. CLUsiACEfi, Trees or shrubs with diclinous flowers. 

Fam. 9. DiPTEROOARPEiK. Trees ; leaves usually stipulate ; the calyx en- 
larges very much during the ripening of the fruit 

Dryobalomops Camphoroj a native of Sumatra, yields the Borneo Camphor. 

Fam. 10. ViOLARiBfi. Floral formula, Kb Cb Ab : flowers 
always borne laterally : ovules anatropous : placentas parietal : fruit a 
loculicidal capsule (Fig. 222 C) : seed with endosperm. The indi- 
genous species have zygomorphic flowers ; the anterior inferior petal 
is prolonged into a hollow spur (Fig. 222 c e) in which the nectar 
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secreted by tbe spor-like sppendagee of the lower stamens collects (Fig. 
222 A / *). Tbe sepals are produced at the base (Fig. 222 Ah), 

jg Viola is the Violet, Pan^, or 

c/^ r j Heart’s-ease ; many epeciee, aa 

(\ ^ V. odonUa, the Sweet Violet, 

underground stem 

\ y| ^ which bwrs catapbyllary leaves, 

^ > '^1/ ^ ^ which throws up petiolate 

^ ^ ^ Jj ^ 17 ' foliage-leaves and bracteolate 

I j qP" ^ N peduncles, each bearing a single 

J V^iHR S 'P flower : V. odorata has runners, 

U ^ hirta and collina have none. 

Fia. m— PioZa tricolor. A. Longitudinal section others, as V. caninUt the Dog- 
of flower ; v, braoteole ol the poduncle ; I, sepals ; violet, the main stem is above 
1$, appendage ; e, petals ; m, spur of the lower petal ; ground and bears the foliage* 
/», spur-shaped appendage of the lower stamens ; leaves. In T. mirabilia these 

o *• two form, are «> eombined that 

C. After dehlsoenoe ; p, placentas ; t, seeds (mag.). . , . « . 

m the spring flowers are dove- 

loiied from the rhizome which have large blue petals, but which are always 
sterile ; it is not till later that inconspicuous (cleistogamous) flowers with 
minute petals appear on the leafy stem and these only are fertile. In K tricolor^ 
the Heart’s-case or Pansy, and its allies, the stipules are leafy and pinnatifid. 

Tam. 11. Drosekaceje. Floral formula, Kh C5 A5 or!? : 
flowers actinomorphic : ovary unilocular, ovules borne generally on 
parietal placentas, but they are sometimes basal. Herbs : leaves ex- 
stipulate with glandular, hair-like appendages which serve to capture 
insects (v. above Fig. 72). 

Diosera has a soorpioid inflorescence borne on a scape without bracteoles ; the 
leaves aiu radical and are fiinged with glandular appendages, each of which is 
traversed by a fibro vascular bundle. JD. rotundi/olia^ and intermedia^ the Sun 
dews, are found on wet heatha Aldrovanda vesiculosa is a floating water-plant 
of Southern Eurojw ; its whorled leaves fold up when stimulated ; flowers solitary, 
axillaiy. JXffnasa muaeipula, Venus’ Fly-trap, occurs in North America ; it has 
leaves which likewise fold together when touched ; flowers with 10-20 stamens 
aud basilar ovules. 

Fam. 12. Sarraceniack/b. Flowers actinomorphic, , hermaphrodite, with 
15 or more stamena 

The leaves of Sarracenia aud Darliugtonia are adapted by the peculiar develop- 
ment of their laminae, for the capture of insecta 

Fam. IS, Nepenthils. Flowers actinomorphic, dioecious, with a simple 
perianth. 

The pitcher-like form of the lamina of the leaf of Nepenthes is remarkable : it 
is also an adaptation for the purpose of capturing insecta 

Order 14. — CoLUMKiFEUfi. 

Flowers cyclic, with calyx aud corolla, generally pentamerous,^ 
actinomorphic, hypogynous. Calyx with valvate sestivation, corolla 
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with usually contorted estivation ; stamens originally in two whorls^ 
generally branched and often connate: carpels five» often forming a 
multilocular ovary. 

Fam. 1. XiLiAGBiS. In the indigenous species the staminal 
whorl opposite to the sepals is suppressed; stamens branched, the 
separate branches of the filament free or connate only at the base, 
opposite to the petals : anthers 2-celled, opening by pores or valves : 
ovary 5-locular, each loculus containing two ovules ; but the fruit is 
generally only one-sooiled. Mostly trees or shrubs : leaves alternate, 
stipulate. 


The only indigenous genus is Tilia, 
the Lime-Tree. It has oblique leaves 
with deciduous stipules ; the annual 
shoots have not a terminal bud. The 
inflorescence is cymose, few-flowered ; the 
peduncle is adiiate to the leafy bmet; this 
is brought about in the following manner : 
iu the axil of the loaves there is usually 
a bud together with an inflorescence 
(Fig. 223) ; the bract (Fig. 223 A) and 
the bud-scale which is opposite to it are 
the two first leaves of the axillary shoot 
which is terminated by the inflorescuucc, 
the peduncle of which is adnato to the 
bract for some distance : the bud is a win- 
ter-bud developed iu tbeaxil of the above- 
mentioned bud-j^colc. The inflorescence 
itself terminates iu a fioieer ; other 
flowers are borne in the axils of its two 
bracteolcs, and other flowers again may 
be develope<l in the axils of their bracte- 
oles and so on. T. gr^ndifoluit the 
Large-leaved Lime, has a few-flowered in- 
florescence, and leaves which are bright 
green and downy on the under surface ; 
T. parvifolia has an inflorescence which 
consists of a large number of flowers, 
and has leaves which are blnish -green 
and pubescent with red hairs on the 
under surface. T, intemudia^ is the 
Common Lime. In the American species 
the internal branches of the stamens 
are ataminodia. Corcborus, in the East 
Indies, yields Jute, which consists of the 



Fio. 22S.-- InfloreeoeiMie of theTime, Tili» 
^randXf^lia. : a, branch: 6, petiole and axil 
lary bud. Attached to the peduncle is thu 
bract (A) : calyx ; e, ooroUa : %, etamnne ; 
/, OTary ; Im, flower-bud (nat. aiae). 

bast-fibres. 


FasL 2. STEBcuLiACEiS. Calyx gamosepaloos : the stamens which: 
ace opposite to the petals are usually doubled or branched; those* 
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'which Are opposite to the sepals are staminodes or they are suppressed : 
anthers 2'*celled : the corolla is sometimes wanting. 

TludbfWM Ccmo is a tree of tropical America, the seeds of which contain a nitro- 
l^ous substance Theobrtmiw and a fixed oil ; from them Chocolate is prepared. 

Fam. 3. MALVACSiB. Calyx usually gamoscpalous, frequently in- 
vested by an epicid 3 rx ; the corolla is adnate at the base to the 
andrcecium : the andrcecium is a long tube (Fig. 224 A s) consisting 
of five branched stamens which are opposite to the sepals ; each 



Fio. 224.— if. Flower of N<tJlva Meea (nat size): k. calyx ; <*. corolla ; *, connate Btainena, 
with the anthers (a ) : n, stigmiM. B. Fruit of Althaa romi incloeod in {k) the calyx ; ak\ 
epicalyz. C. The same after the removal of tlie calyx. D. A single loculus of the same in 
lougltudiual section : i, seed ; w, radicle : cotyledon of the embryo (mag.). 

filament bears only half an anther which is regarded as a unilocular 
anther (Fig. 224 A a) : ovary multilocular, septicidal (Fig. 224 C/), 
with usually one ovule in each coccus (Fig. 224 Z> «)» Under-shrubs or 
herbs : leaves stipulate and generally palmately veined. 

Malva, the Mallow, has an epicaljx of three bracteoles, Hibiscus has one of 
many bracteoles, and AlthsMi, the Marsh-mallow, has one of 6-9 bracteoles ; 
AlUum rosea is the Hollyhock ; several species of Malva are indigenous, M, 
sylveatris, rotundifolia, and moachata. Ooaaypiuvi herhaeeum in Egypt, G, 
dfrboraum and religioaum in the East Indies, and O. peruxnanum and hiratUum in 
America yield Cotton, which consists of the long hairs on the testa. 

D. Blucyclkm* 

Flowers usually hypogynous, cyclic, 4-5-merous, with calyx, corolla, 
And two whofls of stamens which ate isomerous with the corolla ; 
only rarely hi tlie number of stamens greater. Gynoecium syncarpous* 
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Order 15 , — Gruinalbs. 

Flowers usually pentamerous throughout ; the carpels are opposite 
to the petals : ovary usually 5-locular with suspended ovules ; tlio 
micropyle is directed inwards : disc wanting : formula^ £5 C5 A6 
5 1 GUI, 

Fam, 1. Geraniacejb. Flowers usually . n 

actinomorphic ; two ovules in each loculus; j w 

the ovary is prolonged into a l>eak (carpo- I ^1 

phore) (Fig. 225 A a) ; th<? fruit is septi- 
cidal from below upwanls, the separate car- j ‘ 

pels (cocci) rolling up (Fig. 2 25 if). Seedde- | 

void of eudo.sperm. Herlw; leaves stipulate. li |i ^ 

Geranium prcUetuCj fnjlnUkumy aanyuinrum, S j| jj^S 

and colutnbinum, the Crane’s-billH, are wild iu 
England ; 0. Ilohertianum^ Herb-llobert, is uni- | H 

versally distributed. Erodium, the StorkVbill, y H 

has the 5 stamens which are opi^osite to the A rW f 
petals transformed into staminodes ; E. cku- 
ton'um is common in waste places. Pelargonium, 
iu many varieties, is a well-known garden plant : *^|j 

the flowers are zygomorphic, and the posterior _ 

80(^1 is provided with a spur which adheres to r\ 1^ 

the pedicel. Fio. 22&.— Pnilt of Ooranlum. 

^ ^ Motoro. after dehlacencc ; 

ham. 2. homillla, A. 5 c*5 A 5 pediucl; /, locuU of the ovary, 

+ t 5, 1 flowers actinoinoriihic, ». u*. wk ; .tigpui ; t, ooiuma 

* of tlie itepta 

rarely all the whorls are tetianierous : the 

whorl of stamens opjK)8ito t<> the petals is replaced by staminodia : 
each loculus of the ovary contains two ovules, and is often divided into 
two by a more or less comphite false dissepiment : ca|)8ulo loculicidal. 
Herbs or slirubs ; leaves simple, with or without stipules. 

Linum usitatvmmuw is the Flax : the strong bastdibres are used in weaving 
linen ; the seeds contain oil ; the walls of the outer cells of tiie testa are muci- 
laginous. 


Fam, 3. Oxalidejs. Flowers actinomorphic ; formula A'5 (75 ^45 
+ 5, 1 ; stamens ten, connate at the base ; those wliich are oppr)8ito 

to the sepals are the longest : ovules numerous ; fruit a capsule or 
more rarely a berry : seed containiiig endosperm. Herbs, with 
compound, generally exstipulate leaves (v. Fig. 71). 

OxalU AedoaUlat the Wood-sorrel, it frequent in woods ; it contains roach 
potassium oxalate. The tuberous roots or underground stems of some American 
species as 0. escttlenfa, crenata and Deppei contain much mucilage and are used as 
food. 
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Fam. 4. Balsahineje* Flowers ^gomorpbic ; formula^ Kb Cb Ab 
+ 0 I ; the posterior sepal is spurred, and the two anterior are 
fimall or absent : the anterior petal is large ; ovary 6-locular ; ovules 
numerous \ the fruit is septifragal, the valves separate elastically and 
roll upwards, so that the seeds are projected to some distance* Herbs, 
with simple exstipulate leaves. 

Impaiiena Noli^rM‘iangertf the yellow Wild Balsam, occurs in damp and shady 
spots ; the ripe fruit flies open with violence at a touch. Impaiiena balaamina, 
an Indian species, is cultivated. 

Fam. 5. XBOPJCOLEiB. Flowers zygomorphic; formula, Kb Cb A4 
+ 4, OH! : the posterior sepal is prolonged into a spur; the three inferior 
petals are clawed and ciliate : the two median stamens, one belonging 
to each whorl, are suppressed : one ovule in each of the three loculi of 
the ovary. Herbs, leaves exstipulate. 

TropoBolum majua and minua^ known as Nasturtium, are universally cultivated. 

Order 1^. — TBREBINTHINjR. 

Flowers generally pentamerous throughout ; carpels opposite to the 
petals ; ovary usually 6-locular ; a disc between the andrcecium and 
the gynoecium. 

Fam. 1. ZvGOPHYLLEiB. Flowers actinomorphic, 6 or 4-merou8. Herbs 
or shrubs with decussate, generally imparipinnate, stipulate leaves. 

Li^um Vitm is the wood of Ouiacum officinale (West Indies). 

Fam. 2. Rutagej:. Flowers usually actinomorphic : gynoecium 
sometimes partially apocarpous, but the styk^s are usually connate ; an- 
thers introrse. There are numerous oil-glands on the leaves and stems. 

Suh-fam. 1. Rutka. The placentas project into the 
loculi of the ovary ; each hears 3 or more ovules : fruit 
a loculicidal capsule ; seed with endosperm. Ruia 
gmveolens^ the Rue, has pentamerous terminal flowers, 
and tetrainerous lateral flowers. JJictamnua Fraxitiella 
has a zygomorphic flower. 

Suh-fam. 2. Diobmeae. Ovules 2 in each loculus : 
leaves simple. 

Barosma, Agathosma, Empleumm. 

Suh-fam. S. Xanthoxyleje. Flowers usually dioedous 
and polygamous. 

Xanthoxylumfraaeineum, from North America, is a shrub which is sometimes 
cultivated. 

Sub-fam. 4, Toddauxal Gynoecium syncaipous : fruit inddiiscent,' winged, 
diy or auccnlent. ^ 

PtAea trifaliaia is a North American shrub with white flowers. 

Bub«fam. 6. Avbaetixsl Gynoecium i^ncarpous : calyx gamoseptloua. 




Pio. SSS.— l>iagi«m of 
the flower of Diotemnue. 
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The geniiB Citnie has an indefinite nnmber of bundles of connate stamens 
(pcdyadelphons) (Fig. 227 A), produced by the branching of the five stamens which 



Fia 227.— Flower and flonU dla^m of Citnifi. A, Open ; c, corolla ; $, the partially connate 
stamens ; the stigma. B. Bud ; t, calyx : e, corolla : d, oil-glands. 

are opposite to the sepals : the carjtels are nsnally more numerous than the petals, 
and during ripening they become filled with a succulent tissue derivetl from their 
walls ; the various parts of the flower and the fruit contain much ethereal oil : 
the leaves, which are typically pinnate, are reduced to their terminal leaflet, 
which is articulated to the winged petiole (v. Fig. 11 O). 

CUraa medica, and Linumum, are Lemons : dtrua \mlgari$ or Aurantium is 
the Orange, derived originally from tropical Asia. 

Fara. 3. MEUACKdi. Stamens monadelphous ; the filaments have 
stipulate ajipenclages ; no oil-glands. 

Mahogany is the wood of Swieirnia Mahagoni (America). The wood of species 
of Odrela is often erroneously termed “ cedar- wood 

Fam. 4. SimarubejK. Flowers actinomorphic, Bometimes dicli- 
nous : there ^re no oil-glands, but the cortex and wood contain a bitU*r 
Bubstance. 

AilatUhits glandulotta^ from China, is a tree with multijngate pinnate Icavch 
and a winged indehiscent fruit ; it is often cultivated. 


Fant 5. Burserackal Flowers actinomoq»hic : gyncecium Byn- 
carpouB ; ovary with two ovules in c.ach loculus : there ar<^ resin- 
passages in the bast 

Boswellia sttrrata (East Africa) yields Olihanum, a gum-resin ; BaUarnodendmi 
Myrrha yields the guro-resin Myrrh (Arabia). 

Fam. 6. Terebinthace.e. Gynoscium of but 


few carpels ; sometimes one only is developed, the 
others being represented by two or more stigmas ; 
resin-ducts present 

Various species of Rhus are cultivated as ornamental 
plants ; in Bhus eotinua many of the flowers are abortive 
and the hairy peduncles become much elongated ; R, 
coriaria (Southern Europe) is used in tanning. Ptstacia 
terat in Southern Enrope, bears edible fruits; in its 
flower the petals and the stamens which are opposite to 
them are suppressed. 





Fio. 228.— Morsl dia- 
giamof Rhus. 
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Order 17. — iEscuLiN^. 

Flowers usually pentamerous and zygomorphic ; some of the stamens 
are usually suppressed : the disc, when present, lies between the 
corolla and the androscium ; seed without endosperm* Usually trees. 

Fam. J. SAPiNDACSiB. Flowers usually obliquely zygomorphic, in 
that the two petals of one side are larger and of somewhat different 
form to the three others ; of these, one, which lies in the plane of 
symmetry, is sometimes wanting : three stamens are usually sup- 
])res8ed, so that the number is reduced to seven : the ovary is trdo- 
cuiar ; ovules, two in each loculus. 

.Ssculus has opposite, palmatifid, exstipulate leaves ; 
the flowers are in terminal scorpioid racemes : the fruit has 
a loculicidal dehiscence ; jE. Hippocastanum is the Horse- 
Chestnut, derived from Asia. JE. canua^ Favia and 
other species are frequently cultivated. A great number 
of genera and species grow in warm climates ; they have 
generally scattered pinnatifid leaves. The fleshy fruit 

of Sapiiuiua Saponatia makes a lather with water like 
Fio. 229. -Floral dla- ^ 

gram of iBsculus. 

Fam. 2. Acbrinea:. Flowers usually actinomorphic : stamens eight, 
in consequence of the suppression of the two median ones : ovary bilo- 
cular ; ovules two in each loculus ; when ripe the fruit splits into two 
one-seeded winged mericarps (samaras) (Fig. 230) ; leaves opposite, 
palmately lobed, exstipulate : flowers in terminal racemes, sometimes 
in corjunbs, with an apical flower. 

The principal species of Acer, 
the Maple, are A, pseudoplatanus^ 
the Sycamore, having leaves 
with crenate margins, flowers in 
elongated pendulous racemes, 
blooming after the unfolding of 
the leaves, and parallel-winged 
fruits ; A. platanoideSt having 
leaves W'ith serrate margins, 
flowers in short erect racemes 
blooming before the unfolding 
of the leaves, and fhiits with 
widely diverging wings (even 
more than in Fig. 230) ; A, cam- 
pcAre, the common Maple^ which 
is sometimes shrubby, with a tri- 
lobate leaf, short erect racemes 
of flowers which bloom after the unfolding of the leaves, and fruits with wings 
which are diametricaUy opposite. Some North American species are often culti- 



Fio. 230.— nruit of A, dlvidlug faito two 

neiloarps m : «, pitdioel : A* wings (nat siao). 
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TEtad, such as J, rubrum with five stamens opposite to the sepals ; A. dtujfeafjmm 
with the same number and position of the stamens, without any corolla, and 
having dioecions fiowers ; A, Negundo with pinnate leaves and dioecious flowers 
like those of the preceding species. Sugar is prepared from the sap of A. nigrum 
and doiyearpum especially. 


Fam. 3. Polyqalaceje. Flowers zygomorphic ; the two lateral sepals 
conspicuously large and known as “wings” (Fig. 231 A*) ; i)etals throe^ 
the two lateral being 
absent; the anterior 
petal is very large 
and carinate : sta- 
mens usually eight 
forming a tul)e 0 [>eii 
IKisteriorly , to which 
the corolla, orat least 

the anterior pt^tal, . 

* Fig. 2:n —Flower of Polygala grantl^ora. 

is adnate (h ig. 231 ) : outMide after the removal of the wliig-RopiU. 




aoctluu : k, calyx , k', wliitf ; e, corolla ; 
Sacha). 


A. Soon from 
B. l^iiigltudiiial 
, tube of atameuB (afior 


carjiels two,m(*dian, 
forming a bilocular 
ovary, eiuth hxjulus containing a single suspcndwl ovule : fruit usually 
a capsule. The flower somewhat resembles that of the Papilionaceai, 
but it must be home in mind that here the ttvo “ ahe ” or wings 
belong to the calyx. 

Polygala vulgaris, aviara and others, are herbs, wooiJy at the base, occurring 
ill woods and meadows. 


Fam. 4. EnYxnKoxTLEJj. Flowers actinomorphic : petals five, 
with a ligular appendage : sUimens ten, connate at the base by means 
of a disc and forming a tube : ovary 2-3 locular, with one susiKmded 
anatropous ovule in each loculus : seed with eml isperm. 

The wood of most of tlie species contains a red dye. The leaves of Brythroxy- 
l(M Coca is chewed by the Peruvians as a stimulant. 


Order 18.— Fbangulinas. 

Flowers actinomorjdiic, 4-5-merou8, sometimes perigynous or 
epigynous ; one whorl only of stamens, which either alternates with or 
is opposite to the petals, is usually present : disc usually within, 
sometimes external to the androecium : formula Kb C5 ^45 or 0 + 0 
or 5, or less ; the seed nearly always contains endosperm. Trees 
or shrubs. 

(cl) Formula iTn Cn An + o, OH or less ; n«4 or 5, orraiely 6. 
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Fam. 1. Cjslastbinbjs. Flowers 4>5-nieroii8 : stamens and carpels 
inserted on a flattened disc : usually two erect ovules in each loculus of 
the ovary : leaves scattered, entire^ stipulate. 

In the genus Euonymus^ the Spindle-Tree, the locniicidal capsule is inrested 
by an orange-coloured arillus ; JSl europoeua and latifoliua occur both cultivated 
and wild. 

Fam. 2. Staphylbaceje. Flowers pentamerous : stamens external 
to the disc ; ovules numerous, ascending : leaves decussate, pinnate, 
stipulate. 

Staphylea pinnaia is grown in gardens. 

Fam. 3. Pittospoeea!. Flowers pentamerous : no disc : ovules 
numerous, attached to the usually unconnected septa : leaves simple, 
exstipulate. 

PiUoaporum Tobira, undulatum, craasifolium, are ornamental plants from 
Australia. 


Fam. 4, Ilicine^. Flowers 4-5 (rarely 6-) merou8 ; no disc : one 
suspended ovule in each loculus of the ovary : petals often connate 
at the base : leaves scattered, exstipulate. 


Ilex aquifoliumt the Holly, with its coriaceous, spinous, evergreen leaves, is 
common in plantations and woods ; fruit a berry. The leaves known in commerce 
as Paraguay tea are derived from I. Paragnenaw in South America. 

(b) Formula ATn Cn Aio + n, C? (2-4) ; n = 4, 5, or rarely 6. 


Fam. 5. Khamnea:. Calyx usually gamo- 

t sepalous: petals usually small and often 
^ hood-sliaped (Fig. 232 c), enclosing the 
stamens opposite to them : flowers sometimes 
diclinous ; usually a single erect ovule in 
each loculus of the ovary, which is invested 
by a disc ; leaves usually scattered, entire, 
stipulate : fruit a drupe or a capsule. 


Fio. S8S.~Flow«r of JUamnui 
Fra^guJUn (mag.) : k, calyx con- 
nate at tbo base into a tube (d) ; 
c, hood-ahaped petals eudoaiug 
the stamena (a). 


Bhamnua calhartictia, the Buckthorn, has opposite 
leaves and thorny twigs: the berries of R. infectcriua^ 
in Southern Europe, yield a green or yellow dye : 
R, Frangula has scattered leaves ; its wood produces 
a particularly light charcoal. 


Fam. 6. Ampeudea Flowers 4-5-merous: sepals small; the 
corolla is often thrown oflT before it opens (Fig. 233 A, c) : a glan- 
dular disc between the androecium and the gynoccium : ovules 
erect, one or two in each loculus : fruit baccate. Climbing plants 
with palmate exstipulate or stipulate leaves. 

VUia vinifara, the Qrape-Vine, probably derived from the East, is cultivated 
in endleas vsHeties ; other ipeciea, such as V* tulpina and Jjobruaca^ as also 
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Afnpdop 9 i$ hederweoy the Virginia Creeper, are also frequently cnltiTated. The 
tendrils of the Vine (v. p. 18, Fig. 15 4) are branches bearing scaly leaves in the 
axUsof which other branches 

arise : their peculiar poei- ^ 

tion opposite to the foliage* C n 

leaves may be explained ^ 

as follow's : the ordinary A / 

shoots are sympodia, and ( W 

each tendril is the terminal " I II 

segment of a member of 

the sympodium ; the fol- 

... . , . PiQ. 2f»3.— Flower of Vttit rinifim, and diagram. A. At 

lowing member is a shoot ^ ^ Op«. ; clyx ; o. ooroU. 

springing from thn axil of glaud. ; .tamen. ; /, ovary ; *, stigma (slightly mag.X 
the foliage-leaf which is 

op|K>site to the tendril. Every third leaf has no tendril opposite to it, that is to 
say, the members of the sym|K>diuin bear alternately one or two leaves. The 
inflorescences occupy the same positions as the tendrils. K.ach leaf has also a 
hud in its axil, which either remains undcveloj»ed or gives rise to a dwarf-shoot ; 
from the axil of its cataphyllary leaf on ordinary shoot is developed. 


E. CaUcijlonv, 

Flowers nearly always perigynoiis or cpigynous, cyclic, usually 
with calyx and corolla ; stamens as numerous or twice as num(*.rou8 
as the j)etal8, or in several whorls ; gyna;cium syncorpous or apocarpous. 

Order 19. — Umbelliploiue. 

Flowers usually actinomorphic, epigynous, with generally a single 
whorl of stamens opposite to the sepals ; calyx inconspicuous ; ovary 
hilocular, with one ovule in each lotmlus : a disc between the stamens 
and the styles : inflorescences usually urahellate : seed containing 
endosperm : heaves cxstipulate. 

Fam. 1. UMBELLiFERiE. Formula, Kh Oh ATy 6’,7, :.thc calyx is 
generally very small, often hardly visible ; thf* corolla consists of live 
rather small white or yellow petals ; occasionjilly the outennost petals 
of the flowers at the circumference of the umUd are larger than the 
others, and the umbel is then termed radiate* ; stamens five ; ovary 
inferior, bilocular : the base of the two styles is fleshy and thickened, 
forming an epigynous disc (Fig. 234 A d) ; one suspended ovule in 
each loculus of the ovary {v Fig. 148) : the fruit, when ripe, splits 
into two mericarps, each loculus of the ovary being permanently 
closed by a median septum (Fig. 235 a). The structure of the j)eri- 
carp is an important characteristic for the classification of the family. 
The fruit is commonly either oval in form (Fig. 235), or compressed 
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(Fig. 234 B)y or nearly spherical (Fig. 234 JS ) : its surface bears 
longitudinal ridges, {coitcd)^ five generally on each mericarp ; of these, 



Pio. 234.—^. Flower of PcBniciilum (mag.): /, ovary; c, corolla; atamons ; rf, disc. 
B. Fruit of Herocloum : p, pedicel ; g, style ; r, r, r, ridges (costce) ; rr, marginal ridges ; n, 
oil-ducts (vittw) (mag.). 0. Transverse section of mericarp of Carum Carui: ni, surface 

that comes into contact with the other mericarp; o, vlttse ; e, endosperm. 1. Transverse 
section of mericarp of Conium. B. Fruit of CoHandrum : k, margins of the surface along 
which the two merlcarps are in oontfust ; r. ridges : n, secondary ridges ; F, set'tion of a 
mericarp (mag.> 


two run along the margins (Fig. 234 C, D, 
rr), and the other three along the dorsal surface 
(Fig. 234 Bf (7, D, r). In the spaces between 
the ridges, which form furrows, lie oil-ducts 
or receptacles (vittve) v. Fig. 334 By (7, o), 
and sometimes other secondary ridges (Fig. 
234 Ey Fy n). The mericarp when ripe is filled 
by the seed of which the larger part consists 
of endosperm (Fig. 234 C, Dy Fy e) enclosing 
a small embryo. According to the form 
assumed by the endosperm, the foUowing 
groups may be distinguished : the OrtJuBtper- 
mece, in which the surface of the endosperm 
which is directed towards the plane of junction 
of the two mericarps, is flat or convex, as in 
Carum (Fig. 234 C): the Campylospemuxe, 
f/j, B. Ripe fruit The two in which the endospeiiu is concave towards 

234 -D). 

of the a^tum constttutee the and the CodospemieiE in which the whole 
o«Yphophore(a> endosperm is curved, so that it is seen to be 

concave towards this plane both in longitudinal and in transverse 
section, as in Coriander (Fig. 234 F), 
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The ilowevB^ with few exceptions (Astrantia and Eryngium), are in 
compound umhels ; in some few cases, as in Daucus, there is a solitary 
terminal flower which is black in colour : an involucre and involucels 
are largely developed in some species, in others they are wholly 
wanting. The hollow stem bears large leaves with generally well- 
develo{)ed sheaths and much-iiivided laminss. Rarely the leaves are 
entire and amplexicaul, as in Bupleurum. 

I. Orthosfekxeje. 

1. Umbels simple. 

Suh-fam. 1. Hydrototyle*. Fruit laterally compressed. The genus Hydro- 
♦*otyle consists of marsh-plants with peltate leaves. 

Sub-fum. 2. SANirci.E.fs. Fruit nearly cylindrical. This group includes the 
genera Astrantia and Eryngium. 

2. Umbtds compound. 

Sub-rain. 3. Ammikeje. Fruit without secondary ridges, laterally compressed : 
Bupleumm, Petroscliiium, Apiuin, iEgojKMiimii, C’arum, Cicuta. 

Snb-fam. 4. Skskmnej:. Fruit without secondary ridges, circular in tmns- 
verse section : uEthusa, Foeniculum, (Knanthe. 

Sub-fam. S. Anokmokac. Fruit without sec^ondary ridges, compressed in the 
median plane, the lateral primary ridges winged, the wings of the two moricarps 
divergent ; Levisticum, Angelica, Archangclica. 

Sub-fam. 6. I'KroKDANKiE. Fruit without .secondaiy’ ridges, rornpn'ssed iii the 
median plane, the lateral primary ridges winged, the wings of the two inericarps 
apposed : Impenitoria, Ancthiiin, Pastinaca, Ilcraeleum. 

Sub-fam. 7. Silkuinrje. Each mencarp has four secondary ridges : Siler. 

Sub-fam. 8. TuAi'SiE.i:. PJach niericarp has four secondary ridges of which the 
external ones at least are wing(‘d ; Last^rpitium. 

Sub-fam. 9. Daucineas. The secondary ridges an^ spinous : Daucus. 

II. Campylospermejs. 

Sub-fam. 10. Caucalinea Secondary ridges spinous . Caucalis.' 

Sub-fam. 11. Scandickaj. Fruit without secondary ridges, laterally com- 
pressed, usually beaked : Anthriscus, Cha:rophyllum. 

Sub-fam. 12. Smyrniea. Fruitwithout secondary ridges, unbeaked : Conium. 

III. CcELOSPEKMEAS. 

Snb-fam. 13. Corian'dre^ Fruit spherical ; secondary rhlgcs more prominent 
than the wavy primary ridges : Coriandrura. 

jifUhriaew $ilvedris^ Carum Carui, Heradeum $potulylium, yEgopodiu7n 
Podagrariat Pastinaca satim, are common in meadows and woods. The following 
are cnltivated : Apium graveokns. Celery ; Pelroaelinum talivum^ Parsley ; 
DaueuM Caroia, the Carrot ; Pastinaca oUrouxa^ the Parsnip ; Anthriscus cere- 
ybfivm, the CberviL The following are poisonous ; C&nitm maculalum, the Hem- 
lock ; Cicuta viroea, the Water-Hemlock ; jEthvsa CyTuipium, FooPs Parsley. 
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Fam. 2. ABALiAOSiB. Flowers generally pentamerous ; stamens 
sometimes more numeroos ; carpels more or less numerous : fruit a 
berry or a drupe. Shrubs, sometimes climbers, with scattered palmate 
leaves, 

Hedera BeliXt the Ivj, does not blossom till it is some years old : the umbels 
are borne on erect branches, the leaves of which are entire. Fatsia pajyyrtfera is 
nsed in Japan for making a kind of paper known as rice paper ; it is made from 
the pith. 

Fam. 3. Cornacb^. Flowers tetramerous, with a dimerous bilocu- 
lar ovary : fruit usually a drupe. 8hrubs with woody stems and entire 
opposite leaves. 

Comua mcL8t the Cornel, has yellow flowers which bloom before the unfolding 
of the leaves, and a red fruit. C. sanffutTiea and stolonifera are common shrubs. 
Ancvha japonica lias coriaceous leaves, dioecious flowers and a baccate fruit. 

Order 20. — SAXiFBAGiNiB. 

Flowers usually actinomorphic, perigynous or epigynous, some- 
times hypogynous : two whorls of stamens may be present, or only 
the whorl of stamens which are opposite to the sepals, or tlie flower 
may be polyandrous : the gynoecium may be isomerous, or a smaller 
number of carpels may be present, apocarpous or syncarpous ; styles 
usually free. 

Fam. 1. CRASSULAOBiB. Formula An On .^n [ -f n ] (7n, where 
n=3 — 30: flowers hypogynous or perigynous with two (rarely one) 
whorls of stamens : gynoecium apocarpous, carpels opposite to the petals, 
with a scale (disc) behind the carpels : ovules numerous, marginal : fruit 
a follicle : seed without endosperm : inflorescence usually cymose. 
Plants with entire fleshy loaves, arranged spirally, often in rosettes. 

The genus Sedum has usually pentamerous flowers ; Sedum acre the Stone-crop 
is common on walls and rocks : S. maxinium and others arc common. The genus 
Sempervivum has at least fl-morous flowers ; S, tectorum^ the Uouse-leek, and 
other species, Echeveria, Crassula, Ac., are frequently cultivated. 

Fam, 2. Saxifraqacea. Flowers usually 4 — 5-raerous, epigynous 
or perigynous : stamens usually in two whorls : carpels loss numerous, 
usually connate below and free above : seed containing endosperm. 

Sub-fam. 1. SAXiFRAaiufi. Flowers perigynous or epigynous, 
actinomorphio or zygomorphic : petals with imbricate {estivation : 
two whorls of stamens, or only one (opposite to the sepals) : carpeb 
usually two;, diverging above : inflorescence of racemose cymes : fruit 
a capsula 
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The gemu Saxifrage has a bilocular ovary, but the flower ia otherwise penta- 
meroos ; the receptacle invests the lower connate portion of the ovaiy : many 
species occur in mountainous districts, and in several of them there is a 
deposit of carbonate of lime on the margins of the leaves ; only a few species, such 
as S, iridaetylUea, granuUUa, and d^piens, occur in the plains ; S, garmentota is 
frequently cultivated indoors. The genus Bergenia has a free ovary (Fig. 236) ; 
B. bifoliaf from Siberia, ia an ornamental plant. The genus Chrysosplenium bus 
a tetramerous flower destitute of a corolla ; they are small plants^ somewhat 
resembling a Euphorbia, occurring in damp places. 

A 





Fiu 13S. — Longitudiaal ioctlon of the orary of Boi^enia . g, ntylo ; a, atigmoit ; p, plaeoiitM 
(tuag. , after Bachs). 

Sub-fam. 2. PARNASSiEiK. Flowers perigynous, actinoniorphic ; tlio 
five stamens opposite to the petals are transformed into glandular 
staminodes : petals with imbricate aestivation : ovary 4-Jocular : 
ovules numerous : fruit a loculicidol capsule. 

Pamassia palmlris has a whorl of radical leaves, and terminal aud lateral 
|>eduncles eacli bearing a single flower and adnate to a bracteole : it is frts^uently 
found in damp localities. 

Sub-fam. 3. IlYURANOEiK. Flowers epigynous, actinomorphic, with 
two whorls of stamens : petals with valvule aestivation : leaves 
opposite. 

Hydrangea hortensis is a well-known garden-plant. The inflorescence is an 
umbellate panicle, the marginal flowers of which (in cuItivaUd plants all of them) 
are tetramerous ; they have a very much enlarged calyx, and only the whorl of 
stamens opposite to the sepals ; they are sterile. 

Sub-fam. 4. Philadelphe®. Flowers epigynous, actinomorphic, 
4-5-merou8 : stamens in two whorls, or indefinito ; petals with various 
SBstivation : leaves opposite : fruit a capsule* 

Pkiladelphw coranarius, (called Byringa or Mock Orange) has sweetly scented 
flowers. Deuizia scabra, cremUa, and others are cultivated* 
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SuWam, 5. Eibesiacjm. Rowers epigynous, actinomorphic, pen- 
tamerous : stamens opposite to the sepals : 
carpels two : fruit a berry : leaves scattered 

palmate : inflorescence racemose. Shrubs. 
1 ^ ^ 

'’.T a 'M? Several species of Ribes, the Currant, are cul- 

tivated ; E. ruJbrum is the Red Currant, K nigrum 
the Black Currant, R. Orossvlaria the Gooseberry : 
the spines of the last species are developed from 
the pulvinus. 

Fam. 3. HAMAMELiDEiE. Flowers fre- 
quently diclinous and apetalous ; in other 
<t, pedicel; k, calyx; c, corolla; respects they resemble those of the pre- 
ceding gronp. 

Ilamamelis virginica is an ornamental shrub from North America, the leaves 
of wliich somewhat resemble those of the Hazel. 



Fio. 288.— Flower of Rlbee (mafr.): 


Order 21. — Passiflorina!:. 

Flowers actinomorphic, epigynous, perigynous or hypogynous, 
pentamcrous : stamens in one or two whorls, or indefinite ; gyncecium 
syncarpous, ovary usually trimerous, unilocular : ovules numerous on 
parietal placentas. 

Fam. 1. Passifloface/f). Flowers pcntamerous, perigynous ; between 
corolla and andronciuin there is a disc consisting of a number of 
filamentous appendages : the androjcium and the gyncecium are 
elevated upon an elongation of the axis : stamens five, opposite to the 
sepals ; leaves palmate. Climhing plants. 

Several species of PassUlora, the Passion-Flower, from tropical America, are 
cultivated. 

Fam. 2. Papayacea:. Rowers diclinous, hypogynous : stamens in 
two whorls : carpels five. 

Carim Papaya^ the Papaw, is cultivated in tlie tropics on account of its edible 
fhiit : its latex is poisonous. 

Fam. 3. Brooxiaoe.®. (AflSnity doubtful). Flowers diclinous ; 
the male flowers have two dimerous petaloid perianth-whorls, and 
indefinite stamens crowded together ; the female flowers are epigynous, 
the perianth consists of five petaloid leaves, the ovary is trilocular 
witli numerous anatropous ovules borne on axile placentas : fruit 
a capsule ; leaves often very large, usuaUy oblique : inflorescence 
cyraewe, the male flowers being terminal on the first branches, the 
female terminal on the last 

‘ Many tpedes of Begonia, derived from the tropics, are cultivated aa ornamental 
plants. 
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Order 22 . — Opuntik.*. 

Affinity doubtful Flowers epigynous with the very numerous petals 
and stamens, and often the sepals also, arranged spirally : ovary uni- 
or multilocular : placentas parietal 

Fam. 1. Cactm. Flowers acyclic with numerous soi^als, petals, anvi 
stamens, which gnulually pass into each other : ovary unilocular with 
throe or more parietal placentiis : ovules horizontal ; endosperm little 
or none : stems of the most various forms : leaves usually represented 
by tufts of spines. All are indigenous to tropical America, but many 
have been introduced into the eastern hcmisjdiere, 

Mamillaria has a splicrical or cylindrical stem on which tiilwrclos, arranged 
spirally and bearing spines, represent the leaves. Kehinopsis aiul Kchiiiocactus 
have angtilar ridges on which the tufts of spines grow. Cereus has an angular, 
columnar, elongated stem. Phyllocnctiis and Rhiiuadis have coniprttssed leaf- 
like stems. Opuntin and No)>alea have ilnttened stems composed of a 
succossiori of flattened ovate shoots. The Cochineal insect lives on Nopalea 
coccinellifera. 

Order 23. — MyuTiFLOiu2. 


Flowers usually actinoraorphic, epigynoiis or |)erigyuu)U8, with 
usually two whorls of stamens : gynojcium 8yncaii)oU8 with usually a 
single style: 
leaves usually 
opposite. 

Fam. 1. On- 

A G R A C EM, 

Flowers usually 
tetra morons 
throught>ut, epi- 
gyiKJua : ovary 
multilocular, 
with numerous 
ovules on axile 
placentas: fruit 
a berry or a 
capsule ; seeil 
without endo- 
sperm, Calyx 

often petaloid ; 2S9.— Plotrer of FUchaU : t, pedicel ; /, inferior ovary ; t\ 

forming a long calyx, connate at the base, forming a tube (r) ; a, etamens ; ff, ttyUs ; 
tube fFiir 239 *' SpUebium kir»taum (letters aa before). C. 

^ Fruit of Epilobium i^ter dobisoence: v, outer wall m, columella 

A, r), formed by the septa ; ss, seed with tufts of haim (nat site). 

18 
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(Snothera UenrvUf the Evening Primrose, occurs on river banks ; the seed has 
not a tuft of hairs, and the flowers are yellow. Epilobium is the Willow Herb, of 
which many species are common ; E, angustifoliumf hirsutumf and montanum 
occur in fields, hedges, and ditches ; the seeds have a tuft of long hairs ; flowers 
red, fruit a septifragal capsule. Circosa lutetiana (Enchanter’s Nightshade) has 
dimerous flowers TL2C2A2 0{i ) ; common in damp and shady spots. Imardia 
pcUiLstria has no corolla ; its fruit is a septicidal capsule. Fuchsia (Fig. 289 A) 
many species of which are cultivated as ornamental plants, is a native of South 
America ; fruit a berry. 

Fam. 2. Haloraoidbj:. Flower perigynous or epigynous, usually 
tetramerous throughout ; stamens in two whorls : sometimes the corolla 
or the whorl of stamens opposite to the petals is wanting : seed con- 
taining endosperm. 

Trapa ncUans, the Water-Chestnut, a not very common water-plant of 
central Europe, has a stem bearing a rosette of leaves which float on the surface 
of the water ; in the axils of these leaves the flowers are borne singly : their 
formula is X4 C4 A4 O (?), and they are perigynous : the fruit is indehiscent, and 
tlie sepals remain adherent to it in the form of four horns. 

Myriophyllum veriicillatvm and spicatum^ the Water-Milfoils, are aquatic plants 
with finely divided leaves and small flowers borne above the water in terminal 
spikes. 

Fam. 3. Hippuridej:. Flowers 
reduced, homo singly in the axils of 
the whorled leaves ; the perianth is 
indicated by a j)rojecting rim on the 
ovary, and it invests also a single 
anterior stamen : the ovary contains 
a single suspended anatropous ovule. 

Hippnris v%dgaris, the Marc's tail, 
grows in water and in damp places : the ^ 
stem projects out of the water. 

Fam. 4. RHizopnouAri-i®. Tropical 
trees with aerial roots, known as Man- 
groves ; the seed often genniuates in tlio 

Fio. 240.— Part of a flowering atom of whilst it is still attached to the 

vMlgnrU. The loaves are cut away primary root extends till it 

(i\ftor Sacha). reaches the earth. 

Fain. 5. Lythrarieas. Flowers with two whorls of stamens : 
formula Am On An 4- n whore n«3 — 16; ovary free in the 
hollow receptacle ; an epicalyx formed by connate stipules is often 
present : seed without endosperm. 

Zythrum Saiiearia^ the Loosestrife, occurs in bogs and ditches : formula ATS 
06 .rifl + 6 (^ (*) : the stameiis of the two whorls are unequal in length, and the 
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length of the style also Taries ; three forms of flowers are thus produced (trimor. 
phism). Several species of Cuphea, with a posteriorly spurred calyx-tube, from 
Mexico, are culttvated. 


Fam. 6. Mtrtacej;. Flowers 4 or S-merous, opigynoua : stamens 
often very numerous, or few and much branched (Fig. 240) : seed 
without endosperm : leaves usually opposite, dotted with oil-glands. 



Fk>. 241.— lionirltxidinal M»ctioti of tho 
flower of CulothumnuR : /, ovary ; k, 
calyx : p, corolla : »(, branched atameuft : 
ff, atylo (after Sachx). 


h 



Fi4j. 242.- Flowor-buJ of Taryophyl- 
bm, tho Clovo, lu louiirltudiniU Hoetloii : 
/. tho l«ferli>r 4»vary, with tho oil- 
gtuixlH (dr ) : »L', tho uvoIon ; 1% calyx ; 
c, corolla ; M, HtamonH ; a, unthera 
ff, Btylo (onlargorlX 


iSub-fani. 1. MviiTK^f!. Fruit a berry or a dru|)e ; stamens imlefinite. 

Myrtus cmnmmiis is tho Myrtle of Southern Europe ; Eugenia and (’aropliyllns 
are also ornaniehtal shrubs. 

Sub-farn. 2. LKiTosrKUMBJB. Fruit a capsule, dehiscing loculieidally from, 
above downwanls ; stnmeii.s itidefinite, in buiidh*.s whi< h are ojifiositc either to tho 
sepals or to the jietals (Fig. 2*11). 

C’allisteinon, Melaleinui, Metro.sideros, f’alothamnus and others an; onniniontal 
plants : JEucalyj>luA GhhithiH^ from Australia, is much planted in marshy districts 
which it tends to dry up by its active transpiration. 

Sub-fam. 3. Lkcythidej:. Fruit large, woody, dehiscing with a lid, or in- 
dehiscent ; leaves scattered, without oil-glands. 

Berihollctia exedm^ grows in tropie.al America ; its fruits are known as llrazil 
nuts. 

Sub-fam. 4. Granateje. Fruit resembling a{K)mo; leaves opposite, without 
oil-glands. 

Punica graiuUum^ the Pomegranate, grows in Southern Europe ; flowers 5-K. 
meroua ; receptacle pctaloid ; stamens indefinite; in the ovary there are tuo 
whorls of loculi, an external superior of w'hich the loculi are as numtuous as and 
are opposite to the petals, and an internal inferior consisting of three loculL 


Order 24. — Rosiplobas. 


Flowers nearly always actinomorphic, perigynous ; calyx and 
corolla usually pentamerous and alternating : stamens rarely fewer ia 
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number than the petals or equal to them, generally indefinite in 
numerous whorls: gynoeciimi usually apocarpous, enclosed in a 
hollpw receptacle : ovules anatropous, suspended or erect ; seed 
without endosperm ; leaves scattered, stipulate. 

Fam. 1. Eosacbj!. Ovaries numerous, monomerous, attached to 
the base and sides of the hollow receptacle, which is narrow alx^ve (Fig. 
243 C) ] each contains a single suspended ovule, and, when ripe, are 
achenes enclosed in the fleshy receptacle : the sepals are frequently 
persistent at the top of it. Shrubs with imparipinnate leaves ; the 
stipules are adnate to the petiole. 

Many species of Kosa, the Kose, are wild, such as R. arvensis. canina, and 
TuhvfinoBat and many others are cultivated, as It. centifolia^ daviasccnat indica, 
ruhifoUa, &c. 

Fam. 2. SpiRiEACB^. Ovaries, monomerous, each containing two or 
more suspended ovules : they are inserted upon tlie floor of the flat, 
open receptacle, and become follicles; the calyx is persistent till 
the fruit is ripe. 

Spircea UlmarUiy Meadow-sweet, Aruncus and FHipetidnla (Dropwort) occur 
in woods, meadows, Ac., Ac. ; Sp. mrhifoliat media ulmifolia^ and other species, 
Kerria japmUca and Jthodotypus (with drupes) arc ornamental shrubs. 

Fam. 3. Amyodalbas. A single monomerous ovary with two sus- 
pended ovules, which is inserted on the floor of the receptacle (Fig. 
243 A and 244 C ) ; tlie receptacle and tlie calyx fall off* when the 
fruit is ripe : stamens usually in three whorls of 5 or 10 ; fruit a 
drui)e (Fig. 162 r) ; only one seed is usually present. 



Fiq. 843. — Diagrammatic longitudinal sectioua of flowers. A. Amygdaleie. B. Dryadem. 

C. Uosete. D. Pomaoeas : k, calyx ; e, corolla ; /, ovaries ; n, stigmas. 

The fhiit of the genus Amygdalns has a farrowed coriaceous endocarp : A. 
eommuniSt the Almond tree, and nana, are trees of Southern Europe : A. pernea, 
is the Peach. The fhiit of the genus Prunus has a smooth stony endocarp : 
P. armeniaea is the Apricot ; P. domeHica, is the Wild Plum ; it has an ovoid 
fruit and glabroua shoots ; P. insititia is the BuUace, it has a globoid fruit and 
hirsute shoots ; P. emmu, the Wild Cherry, has foliage-leaves at the base of its 
vmbellate infloresoenoes ; P. avium, the Sweet Cherry (Gean) has only scales at 
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the bese of ita infloroacences : P. Padus^ the Bird-Cherry, has elongated racemoae 
inflorescences ; P. Mahakh^ the Damson, has fragrant bark : P. the 

Cherry-Laurel, has evergreen leaves which somewhat resemble those of the true 
Lanrel ; P. spinosa in the Sloe or Blackthorn. 


Fam. 4. Sanouisorbe*. Ovaries few, often but one, niouomorous, 
enclosed in the cavity of the. receptacle which hardens as the seed 
ripens : ovules solitary, su8^>eiKied. 

The genus Alchemilla has ttHramf*rous flowers destitute of a corolla, the 
stamens (4 or fewer) alternate with the sepals ; an epiculyx is prt^eiit : A. 
v^ifgarUy the Lady’s Mantle, and A. arvetufut, are common. The flowers of the 
genus Sanguisorba have no corolla, the stamens are opjwsito to the sepals, and 
they have no epicalyx ; S. ojicitutle is comiiion in meadows. The flowers of 
the genus Poterium resemble those of the preceding, hut the sUimons arc in- 
definite, and they are polygamous. The flower of Agrimonia is peutainerous ; it 
has a corolla and indefinite stamens ; the outer surface of the receptacle is 
beset with bristles. 


Fam 5. T)RyADB.R. The ovaries, 
upcm a prolongation of the axis into 
243 li and 244 B ) ; each contains 
a single ovule. I'he calyx is usually 
surrounded by an epicalyx formed 
by the connate stipules of the 
sepals. The sUiniens are usually 
indefinite, each whorl consisting of 
as many or twice as many stamens 
as there are jxdals. Thes«* flowers 
arc distinguished from those of the 
Ranuiiculaceaj, which they somtv- 
what resemble, by tln^ whorled ar- 


wliich are numerous, are insiuted 
the cavity of tho receptaede (Fig. 



Fi<i. 2*4. A. Flower of tlio t’horry ; §, 
{wduiiclu . r. condla ; o. »taincnii ; f/, niylo, 
projocting out of tUo cavity of tlic* rocij[»* 
tacle. B Fruit of tbo lihicklKTry, Hubut 
/rvtiroms. k, calyx ; /, fltwhy ovju'ltw. 


rangement of the stamens and by the presence of tin* hollow rec<;ptacle ; 
for in Ranunculaceuus flowers the stamens are aiTanged spirally and the 
sepals are quite free. 

Of the genus Poteutillo, which has dry fruits and a dry receptacle, many species 
are common, such as P. anserina, the Silver-weed, r*yfan$f TorrnerUilla^ and 
others. Fragaria is the Strawberry ; the receptacle becomes sur;culcnt as the 
fruit ripens and bears the small achenes on its surface ; P. tvAw*, elatior, and 
collina are found in woods; F. virginiana and other North American sjHJcies art* 
cultivated. The flowers of the genus Rubus have no epicalyx and the fruits arc 
saccolent when ripe : Ruhus Idwut is the Raspberry ; its fruits set>arate from the 
dry receptacle when they are ripe : in R. frviwmu^ tho Blackberry, and 7/. 
ecenuSf the Dewberry, the upper port of tho receptacle separates together with 
the fmita when ripe. Drycut odopetala is a procumbent alpine shrub with an 
oval long-tailed fruit (resembling that of CUmalis VUalba). Oeum wrbanum and 
rivaU (Avens) ocenr in woods and damp fields ; the long style is hooketL 
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Pam. 6. PoHAOEiB. Ovaries five or fewer, contained in the cavity of 
the receptacle, connate, and adnate to . the wall of the receptacle 
(Pig. 243 D). The spurious fruit is surmounted by the calyx. The 
individual fruits either become hard and are like small drupes im- 
bedded in the fleshy receptacle, or they have only a thin wall, so 
that they are more like capsules, and seem to be loculi of the. whole 
fruit, as in the apple for instance, where the succulent portion is 
derived from the receptacle, and the core consists of the fruits 
enclosing the seeds, which are basal, generally two in each carpel. 
Stamens indefinite : no epicalyx. Shrubs with deciduous stipules. 

I. With stony fruits. 

In the genns Cotoneaster, the fruits project above the receptacle : in CratsB- 
giiB, the Hawthorn, they are completely enclosed ; C, oxyacaiUha^ the May, and 
C. monogyna arc common ; other species from the East and from North America 
are cultivated ; Mespilus, the Medlar, has a large fruit which is surmounted by 
the five large sepals. 

II. With coriaceous fruits. 

Cydouia, the Quince, has numerous ovules on the ventral suture of each carpel ; 
the outer layers of cells of the testa arc mucilaginous. Pyms has two basal 
ovules ; P. communis and others are the Pear-trees ; the loculi of the spurious 
fruit seen in transverse section, are rounded towards the exterior ; the fruit is not 
hollowed at the base : P. Mahis and others are the Apple-trees ; the fruit is 
hollowed at the base, and the loculi, seen iu transverse section, are 2>f>inted 
towards the exterior. Sorbua resembles the preceding genus ; S, aucujtaria is 
tlio Mountain Ash or Rowan-tree. Amelanchier, the Service-tree of Canada, has 
only one ovule iu each loculus. 

Order 25. — Lbquminos 2 E. 

Flowers usually medianly zygomorphic, bypo- or perigynous, pen- 
tamerous, with calyx and corolla : stamens ton or more : ovary of a 
single anterior cari)ol : ovules borne on the ventral suture : fruit a 
legume or a lomentum : flowers always lateral : leaves nearly always 
compound. 

Pam. 1. Papilionackje. Plowers zygomorphic, papilionaceous. 
The five sepals, one being anterior, are usually connate, forming a tube 
. above the insertion of the corolla and the androecium : the five lobes 
are usually imequal and sometimea form two lips, the upper of three 
and the lower of two teeth : petals five, alternate with the sepals, imbri- 
cate, so that the anterior petals are overlapped by those behind them ; the 
posterior petal is much enlarged, and is called the vexillum (Pig. 245 
Ay fa) ] the two lateral petals, which are much smaller, are termed 
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the (dcB (Fig. 245 fi ) ; the two anterior petals are connate or some- 
times simply apposed, and form a hollow boat-shaped body, the keel, 
or Carina (Fig. 245 il, «). In a few 
coses the corolla is entirely or partially 
suppressed ; thus in Amorpha, only the 
vexillum is present. The ten stamens 
are either connate, forming a tube, or 
the posterior stamen may be free, so that 
the tube consists of nine stamens, and is 
incomplete posteriorly (Fig. 245 A) : 

'ill? ^*0* 245.— Flower of Lotus cornico- 

rarely tuo stamens are all free ; they (somewhat mag.), a. with oho 

mostly curve upwards, and diminish in ^ removed ; k, calyx ; /a, vexUlum ; 

, .Vi. • J? 1. 1 J rrn coriiia. JB. With the corolla 

length from m front backwa^. The t^bo form.d by th« .u.- 

ovary, enclosed by the staminal tube, mens ; tho free stameu ; a, anthers ; 

consists of a solitary anterior carpel ; it 

is often divided into two chambers by a spurious longitudinal septum, 
or by transverse septa into several chambers. The fruit is usually a 
legume or a lomeiitum (Fig. 160 A), rarely one-seeded and indehiscent. 
The flowers are solitary and axillar}^ or in racemes. Tho leiivcs an^ 
only rarely entire, usually jialmately or pinnately comi>ound, with 
often large stipules (Fig. H C), 


Sub-family 1. Lote.A£. l^cgiime unilocular, or bilocular in conawiuencc of the 
formation of a spurious longitudinal dissejiiment, usually dehiscent, many-seeded. 
Ciotyledons leafy, epigsitaL 
(a.J Stamens, monadelphous. 

Alaiiy sitecie^s of Genista and Cytisus are common ; the leaves in the former 
genus arc simple, in the latter they are usually t^'nutte ; O. gcruuinica has thonts ; 
C'. Lakarti um is a well-known flowering tree. Sar^tUiam n ua scopanua is the Urooni ; 
the stigma is capitate ; it is common in sandy districts. Lupinus has spongy 
septa in the legume ; L. luteuA is cultivated, thumia repens and Hpinoaa, and 
AfUkyllis Vulncraria, the Kidney-vetch are common iii meadowk 
(d.J The posterior stamen is more or less free : 

Triiolium is the (.’lover : the stamens are partially adnate to the corolla ; the 
withered corolla persists and encloses the small legume : flowers in capitula ; T. 
pratenMf the Red Clover, T. repcTis, the White Clover, and hybridum, which are 
common in meadows, and T. incarmUanit from the East, are cultivated. Lotus 
eomiculatu8f the Bird’s foot Trefoil, with a bctaked carina and spirally wound legume, 
is common in meadows. Medicago has usually a spirally-wound legume, and a 
decidua corolla ; M. fcUcata and lupulina are common ; M. Botimt Lncemc, is 
cultivated. Melilotus has a globular legume ; M alba and offiAvnolU are common 
on the banks of the streams. Trigonella. Indigo/era tindoria^ in the East Indies, 
produces Indigo. Glycyrrhuai is the Liquorice. Colutea, the Bladder Senna, 
has a swollen fruit ; C. arborescens and various ^>ecie8 of Caragana are cultivated 
as ornamental plants. Jiobima Factidaeaeia, the &lse Acacia, is a native of North 
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America, but it has become naturalised. AmorpTia fnUieosa is a common shrub, 
from North America. Astragalus has a legume irrith a spurious dissepiment : 
very many species of it occur, especially in the East. ^ 

' Sub-family 2. ffedymreae. Legume with transverse septa, dividing into 
segments. Cotyledons leafy, ’ epigseal. 

Hippocrepis and Coronilla are oommon in meadows ; Onobrychis sativa, the 
Sainfoin, is cultivated. Arachia hypogoMf the Earth- Almond or Ground Nut of 
tropical America, ripens its fruits in the earth. 

Sub-family's. , Videce. Legume unilocular ; cotyledons hypogseal ; posterior 
stamen free ; leaves usually cirrhose. 

Vida scUivaf the Vetch, and V. Faha, the Bean, are cultivated : other species 
occur wild. Pisum sativum and arvense, the Pea, is cultivated. Ervum hnsy 
the Lentil, belongs to Southern Europe. Various species of Lathyrus and Orobus 
occur wild in woods ; X. odoratus and others are cultivated. 

Sub-family 4. Phaseoleoe. Legume unilocular ; cotyledons usually epigseal, 
but not leafy : leaves usually imparipinnate, frequently temate. 

PhaseolusvulgariSf the French Bean, and P. multifioruSy the Scarlet Runner, are 
cultivated. Wistaria chinensis is an ornamental climber. Physostigma is the 
Calabar Bean. 


Sub-family 6. DcUhergiece, Legume indehiscent ; cotyledons fleshy. 

Pterocarpus. Dipterix odoraUiy the Tonka 
Bean of South America, contains coumarin in 
the seed. 

Sub-family 6. Soplwrem. Stamens all free. 
Sophora japonica and Cladrastis lutea are orna- 
mental plants. Myroxylon. 

Fam. 2. C-^salpinir®. Flower zygo- 
morphic, but not papilionaceous (Fig. 246)’; 
petals imbricate, so that the posterior 

Fio. 246.— Flower of a Cassia; . , . , , , , . 

k, calyx; c, corolla; a. stamens; P^tal IS overlapped by those anterior to 

r»Mhe central shorter ones;/, ovary, it* stamens ten or less, free, more rarely 

connate : the legume is frequently divided by transverse septa, and is 

indehiscent : flowers in panicles or racemes. 




Fia 247.— Flower of an 
Acada (mag.): k, calyx ; e, 
corolla: ataihens, with 

^an) anthers ; a, stigma. 


Gleditschia triacanthm and other species are culti- 
vated for ornament. Cerds siliquastrumy the Judas- 
tree, has rounded leaves. The wood of Cossalpinia 
hrasHierms is known as Pernambuco or Brazil wood. 

Fam. 3. Mimosr®. Flowers actinomoiphic, 
with valvate mstivation : stamens ten, rarely 
fewer, frequently very numerous ; free (Fig. 
247), usually much longer than the perianth : 
legume sometimes divided by transverse septa. 
The flowers usually grouped in spikes or ca- 
pitula. 

Miimsa pudica, the Sensitive Plant, has irritable 
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leaves. Species of Acacia are numerous in Africa, Asia, and Australia. In the 
Australian species the leaves' are represented by flattened petioles (phyllodes) 
which are ejctended in the median plane. 


Order 26. — Thymel^inas. 


Flowers actinomorphic, 4 or 5-merous : corolla usually suppressed : 
stamens typically in two whorls : ovary monomerous, with a single 
anatropous ovule, inserted on the floor of a hollow receptacle. 

Fam. 1. THYMBLiEACEiE. Flowers hermaphrodite ; calyx and 
receptacle petaloid with a 4-lohed limb ; in foreign genera the 
corolla is represented by small scales : the four stamens opposite to 
the sepals are inserted higher on the tube of the calyx than the four 
which are opposite to the petals (Fig. 248) : ovule susjiended ; fruit 
a berry. 


Daphne Mezereon^ is common in woods ; the usually 3-flowered inflorescences 
are borne in the axils of the foliage loaves of the previous year, and they bloom 
before the development of the loaves of the same year. 



Pio. 248. —Perianth of the flower of 
Daphne Mwrton laid open (x 5): o, 
the four superior ; u, the four inferior 
stamens, adnate to the calyx. 



Pio. 249. -Hermaphrodite flower of Sin- 
agnue fu9ca. A. In longitudinal section. 
B. Floral diagram (the calyx is erroneously 
placed diagonally, instead of medio-laterally): 
d, disc (enlarged, after Sachs). 


Fam. 2. El^agnacm. Flowers diclinous or polygamous, 4 or 2- 
merous ; the corolla is absent : the stamens opposite to the sepals are 
sometimes wanting (Fig. 249 B ) ; a disc (Fig. 249 d), usually 

closes the receptacle : fruit an achene, surrounded by the receptacle 
or by the whole perianth : ovule basal ; the leaves are covered, 
especially on the under surface with scaly hairs. 

Hippophtu rhamnoideSy the Sea Buckthorn, is a shrub which is sometimes com- 
mon on the banks of streams ; the smaller branches mostly terminate in a thorn \ 



283 


PABT IV. — THB CSLASSIFICATION OP PLANTS. 


tli« flowers are dioeciotis and dimerous ; when the fruit is ripe the calyx is of an 
orange colour. Elseagnus has tetramerous polygamous flowers (Fig. 249) ; it is 
commonly cultivated. 

Fam. 3. Pbotbaor®. Af- 


finities doubtiuL Flowers 
hermaphrodite ; the very 
short stamens are superposed 
on the four segments of the 
perianth, and are adnate to 
them (Fig. 250 B) : when 
the flower opens, the tube 
of the perianth often be- 
comes still more deeply 
cleft : the ovary is usually 

Pm. 260.--Flowerof A. Before ^Ome Upon a prolongation 

opening. B. Open ; p, segment of the perianth ; of the axis (Fig. 250 0, gp), 
a, anUier ; n, stigma. C. Ovary below, in longitudinal ‘n i • 

Boction; pp.gynophore. ft Transverse section of the Protea, Grevillea, Manglesia, 
ovary. £. Ripe fruit (after Sachs). and others occur mostly in 

South Africa and in Australia. 



Sub-class IV.— GAMOPETAL^. 

Perianth always differentiated into calyx and corolla, the latter 
being generally gamopetalous ; in some cases it is suppressed. 

A. JsocarpecB. 

The number of the carpels is usually the same as that of the petals 
and sepals : the ovary is usually superior. 

Order 27. — PBiMULiNiE. 

Flowers actinomorphic, usually pentamerous ; formula K{h) (0(5) 
Ao + 5) : stamens inserted on the tube of the corolla and op- 

posite to its lobes : ovary superior, consisting of five connate carpels 
whidh are opposite to the sepals, unilocular, with a free-central placenta 
or a sizzle central ovule. 

Fam. 1. Primulacm:. Style single : ovules indefinite, on a free 
central placenta (Fig. 148 G)\ the corolla is gamopetalous, tubular 
below, expanding above into a 5-lobed limb which is wanting only in 
Glaux ; the anthers (Fig. 251 a) are adnate to the tube of the corolla 
.and are opposite to its lobes ; this position of the stamens is explained 
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by mqpfpoahig tbat an outer vrhorl of stamens (which is present in the 
following order) is here suppressed; fruit a capsule. Herbaceous 
plants with conspicuous flowers. 

The genus Primula has* a S-valved dehiscent capsule, and a 5>cleft calyx. 
Primula elatior, and P. veria are the Oxlip and the Cowslip ; they are remark- 
able in that they are heterostylod ; that is, that in some flowers (Fig. 251 B) the 
style is as long as the tube of the corolla, and the stamens are situated at about 
half the height, whereas in others (Fig. 251 A) the style is only half the length 
and the anthers are inserted in the throat of the corolla : fertilisation only takes 
place when the pollen of the anthers which correspond in their position to the length 
of the styles is applied to their stigmas. The capsule of Anarjcdlis arveims^ the 
Pimpernel, dehisces transversely (pyxiilium). Cyclamen europmum^ the Sow- 
bread, has an underground tuber; the lobes of the corolla are roflexed. 
Lysimachia has a deeply 5-cleft calyx. Tricntalis has usually a 7-merous-flower. 



Fio. 261. — ^Dimorphic flowers of Primula elatior in longitudinal section. A. Short-styled. 
B. Long styled form ; k, calyx ; c, corolla ; a, anthers ; /, ovary ; g, style ; n, stigma. Floral 
diagram of Frinsula. 

Fam. 2. Myrsinb^. These plants differ from the preceding in 
that the fruit is baccate and the stem woody. 

Ardisia, with red berries, is a well-known ornamental ]dant. 

Fam. 3. Plumbaginba:. Styles five : there is a single basal ovule in 
the cavity of the ovary : flowers often small, in dense inflorescences 
with numerous bracts. 

In the genus Amieria the flowers are in capitula, which are surrounded by an 
involucre formed of the lower scarious bracts ; A. vulgaris f the Thrift, occurs on 
sandy soils. Statice, with one-sided spikes, occurs on sandy sea-shores. Plum- 
bago occurs in S. Europe and in the East Indies. 

Order 28. — DiosPYBiNjE. 

Flowers actinomorphic, 4-8-merou8 ; formula often ir4 C{i) A4 
+ 4, 0% the outer stamens being sometimes suppressed: carpels 
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opposite to the sepals : ovaiy multilocular with one or two suspended* 
ovules in each loculus : fruit usually fleshy. 

Fam. 1. Sapotejs. Tropical trees with milky juice. 

laonandra OtUta an East Indian tree, yields Gutta-percha. 

. Fam. 2. Ebenaceji. Trees ; flowers generally diclinous. 

Dyospyroa Ebenum in the East Indies yields the wood known as Ebony. 

Fam. 3. Styeacbje, Flowers perigynous or epigyuous : trees. 

Gmi Benzoin is the resin of Styrax Benzoin in the East Indies, 

Order 29. — Bicornbs. 

Flowers 4-5-merous : stamens usually in two whorls : carpels op- 
posite to the petals : formula Kn 0(n) i4n + n | ^(n), where n = 4 
or 5 : ovary superior or inferior, multilocular, with large projecting 
axile placentas : seed with endosperm : anthers usually appendiculate. 

Fam. 1. Erioaoe^. Ovary superior ; anthers generally opening 
by two pores at the top (Fig. 252 A), furnished with appendages : 
fruit a loculicidal capsule, or fleshy. 

The genus Erica has a 4-lobed corolla and a loculicidal capsule : Erica cinerea, 
Telralix, and Calluna vulgaris^ the common Heath or Ling, occur on heaths and 
moors. Arctostaphylos Uva Ursit is the Bearberry ; its fruit is a berry. Arbutus 
XJnedOy the so-called Strawberry-tree, belongs to Southern Europe. 



a 


Fig. 262.— a. Flower of Erica: s, pedicel; calyx; c, corolla; o, anthers. B. Fruit of 
Pyroia rotundifolia : s, pedicel; k, calyx; /, fruit, the locuU of which alternate with the 
sepals j g, style ; n, stigma. C. Flower of Vaccinium MyrtUlut: /, ovary (inferior) ; k, calyx ; 
c, corolla. Floral diagram of Erica : the stamens opposite to the petals are faintly shaded. 

Fam. 2. Epaorideje. The whorl of stamens opposite the petals is 
usually wanting : the anthers open by one fissure only ; ovary superior. 
Australian planta 

Fam. 3. RnoDORACiLfi. Ovary superior : the anthers usually open 
by two apical pores, and have no appendages : fruit a septicidal 
capsule. 
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. Rh^dodtodrm ferrugineum and hiravium^ the Alpine Rose, are wild on the 
Continent ; other species of Rhododendron and Azalea from India and the 
southern shores of the Black Sea are cultivated. 

Fam. 4. PYROLACSiE. Ovary superior : petals commonly connate 
at the base only : anthers without appendages, generally dehiscing 
transversely or by pores : fruit a loculicidal capsule : seed minute 
with an extremely small embryo, consisting of only a few cells and a 
relatively massive integument. Saprophytes containing chlorophyll. 

Pyrola rotandifolia, sccunda^ minor ^ and unifloray the Winter-greens, are found 
in woods. 

Fam. 5. Monotrope^. Saprophytes devoid of chlorophyll with 
scale-like leaves, otherwise resembling the Pyrolaceae. 

Monotropa HypopitySy the Bird^s-nest, is not very common in England. 

Fam. 6. VACCiNiEiE. Ovary inferior (Fig. 252 O ) : anthers with 
appendages (Fig. 141 B), usually opening by two pores : fruit a berry. 

Vaccininm Vitia-IdUm, is the red Whortleberry or Cowberry ; it usually 
blossoms and bears fniit twice in the year. V. Myrtillua in the Bilberry or 
Whortleberry, with deciduous loaves. F. OxycoccoSy the Cranberry, and K, 
uliginosumy the great Bilberry, are low shmbs occurring on moors. 

B. Anisocarpem, 

Usually only two median (or somewhat oblique) carpels. 

1 . HyjjogyncB, 

Ovary superior. 


Order 30. — Diandr^. 

Flowers actinomorphic, usually 2-or 4-meroii8, rarely .6-merous : 
stamens and carpels always two, alternate : ovary bilocular with a 
single style : two ovules in each loculus : leaves commonly decussate, 
exstipulate : formula usually ATi (0(4) A2) 0!i>. 

Fam. 1. OLEACBiB. Calyx and corolla usually 4-racrou8, sometimes 
wanting; corolla with valvate aestivation : ovules suspended and 
anatropous: fruit a capsule, a berry, or a drupe: seed with endo- 
sperm : stem woody : leaves always decussate. 

Sub-fam. 1. Oleinxal Emit a berry or a drupe. 

Ligustrum, has a baccate fruit ; L. vulgare, the Privet, is a common shnib. 
Olea has a drupaceous fruit ; 0, europasa is the Olive-tree of the East and of S. 
Europe. 

Sub-fam. 2. FBAXiNEiS. Fruit a capsule, or winged and indehiscent (samara). 



PART IV,— THE OJLASSIPIOATIOR OP PLANTS. 


Hie gentu Fraxinos has a winged frnit ; in F, excdtwr, the common Ash, the 
perianth is suppressed and the flowers are polygamous ; in F, OmuSf the Manna 
Ash of S. Europe, the perianth is complete, and the corolla is deeply cleft (Fif. 
258 A). The fruit of the genus Syringa is a 2.valved capsule ; the limb of the 
corolla is 4-lobed ; S. vulgaris is the Lilac. 



Pio. 258.— A. Blower of Fraxinut Ortiui (enlarged) : k, calyx ; c, corolla ; »t, stamens ; 
/. ovary ; n, stigma. S. Hermaphrodite flower of Praxinu* excelsior^ the Common Ash ; 
an, anthers ; /, ovary ; n, stigma (enlaig;ed). Bloral diagram of the Oloaceec. 

Fam. 2. Jasmineje. Calyx and corolla 4-5 merous ; corolla with 
imbricate contorted seativation ; ovules erect, anatropous ; fruit a cap- 
sule or a berry : seed without endosperm. Shrubs, often climbing, 
with scattered leaves. 

The flowers of Jas^nimimgrandijlorum and other species belonging to S. Europe 
contain a very fragrant ethereal oil. 


Order 31. — CoNTORTiE. 


Flowers actinomorphic : perianth and androecium usually 4-or 5- 
merous : corolla with contorted rostivation (to the right) : stamens 
inserted on the tube of the corolla ; carpels two : leaves commonly 
decussate and exstipulate ; formula K5 (0(5) Ab) Cr(!!. 

Fam. 1. GBNTiANBiB. Carpels perfectly 



Pio. 254.— Corolla of Pry- 
tkraa Oeniauriutin sprMd out : 
r, tubs : «, limb ; a, stamens. 


connate forming a uni-< or bilocular ovary : 
ovules parietal, numerous, anatropous : seed 
with endosperm. Usually herbs without milky 
juice : leaves almost always entire. 

Sub-fam. 1. GENTiANOiUEiE. Leaves decussate : 
corolla with contorted sestivation. 

Gentkna, the Gentian, has a bilobed stigma; it 
occurs in mountainous districts. Erythrsea ha^ a capi- 
tate stigma ; £, Centaurium, the common Centaury, 
is common in pastures. 


Sub-fam. 2. Mekyanthea:. Leaves spiral : corolla with valvate sestivation. 


MmyasUkes trtfoliata, the Buckbean, with teraate leaves, is common in marsbes. 
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Fam. 2. Loganuosjl Ovary 2 to 4-locular^ each loculus contain- 
ing one or several ovules : seed with endosperm (Fig. 167 .d). Mostly 
trees with opposite and usually exstipulate leaves. 

Semen Strychni or Nux vomica is the seed of Strychnos N%m vomica in the 
E. Indies, extremely poisonous. The South American Indians poison their arrows 
vrith the sap of the cortex of Strychnos guyaiUTisis under the name of Curare. 

Fam. 3. Apocynb^. The two carpels are usually connate only by 
their styles which become free as they ripen : seed usually devoid of 
endosperm. Herbs or shrubs with milky juice ; loaves exstipulate. 

Nerium Oleander is an ornamental shrub. Vvfvca minor and other species, the 
Periwinkles, are common creeping; plants, wild and in gardens. 


Fam. 4. Asolepiade-®. The two carpels usually form two distinct 
monomerous ovaries : styles short, united into one stigma : stamens 


connate forming a tube sur- 
rounding the gynoecium, having 
pouch-shaped (Fig. 255 5, £) and 
spur-shaped (Fig. 255 i?, A) 
appendages : anthers 2-4 locu- 
lar ; the pollen of each sac 
forms a mass (pollinium), and 
the masses of each pair of con- 
tiguous sacs adhere (Fig. 255 
c, 'p) and are conveyed by 
insects to the stigmas : ovules 
numerous, attached to the 
ventral suture : seed usually 



Fio. 255.— A. Flower of AsclepioH (mag.): c, 
the reflexed corolla ; n, stigma ; h, tho spurs ; 
f, tho pouches of tho stamens. B. A solitary 
stamen ; a, the anther. C. Pollen-masses, 2> and p. 


without endosperm. Genenilly woody plant.s, often climbers with 


milky juice : leaves exstipulate. 


Asclepias syriaca and other species are grown in gardens, also Hoya camoaa 
the Wax dower. Stapelia has a fleshy cactus-like stem. 


Order 32. — TuBiFLORiE. 

Flowers actinomorphic, or if zygomorphic, not so in tho median plane : 
flowers pentamerous : stamens epipetalous : ovary of two, rarely five, 
carpels : leaves usually scattered and exstipulate : the inflorescence is 
often cymose, with a terminal flower : formula K{b) (6^5) Ab) 
GH. to («). 

Fam. 1. CoNVOLVULACRB. Usually two median carpels forming a 
bilocular ovary with 1-2 anatropous ovules in each loculus : the corolla 
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has usually a contorted ssstivation, twisted to the right ; fruit a 
septifragal capsule or a berry : seed with endosperm. Commonly 
climbing plants with milky juice. 

ConvolvtUus aroensiAt the lesser Bindweed, and Calystegia the larger 

Bindweed, the former with small bracts, the latter with large bracts which invest 
the calyx, are common wild plants. Baiattis edulia is cultivated in tropical 
America for its edible tuberous rhisome, the sweet potato. 

Fam. 2. Cuscutej:. Parasites destitute of chlorophyll, with 
filiform stems, which attach themselves to other plants by means of 
roots and derive their nourishment from them : the small flowers are 
arranged in fascicles (Fig. 256 h) : fruit, a capsule with transverse 
dehiscence. 


CtLSctUa europceay the greater Dodder, which occurs commonly on Nettles and 
Hops, is widely distributed : C. epilinum is the Flax Dodder, and G. epUhymurriy 
the lesser Dodder, occurs on various low-growing plants such as Clover, which it 
often destroys. 




Fio. 256.— Stem of Cuscuta 
turopasa (g), with inflorescence 
(5) winding round a stem of 
Hop (x). ■ 


Fio. 257. — J. Upper portion of a flowering stem of Atropa Belladonna. B. Diagram of 
the same stem : 1, S, 5, the flo^’ors ; a the bracteoles and bracts. From the axils of 

^ spring the new floral axen, along which the bract is disidaced. 


Fam. 3, PoLByoNiAOiLE. Ovary trimerous and trilocular with one 
erect or several oblique ovules : capsule loculicidal. Mostly herbs 
without milky juice. 

Polemonium caeruleum is Jacob’s ladder ; various species of Phlox are commou 
garden plants. 

Fam. 4. SoLANACEiB. Ovary consisting of two obliquely placed 
carpels, bilocular, with numerous ovules attached to the septum : the 
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septum sometimes projects so far into the cells that the ovary appears 
to be quadrilocular, as in Datura ; ovules campylotropous ; fruit u 
capsule with various dehiscence, or a berry : seed with endosperm. 
Herbs, occasionally woody plants, without mUky juice. Inflorescence 
cymose, but complicated by the displacement of the bracts. Fig. 257 
By for instance, is a diagram of the inflorescence of Atropa ; the main 
axis which terminates with the flower 1, bears a bracteole lo and a 
lateral shoot terminating in the flower 2 ; this springs from the axil 
of a bract 1/3 which however is not inserted at the base of its 
axillary shoot (the point of the arrow indicates its proper position), 
but is displaced upwards until it is close under the bracteole 2a ; 
this displacement is repeated throughout the whole system of 
the cyme, so that in Atropa. there are always two leaves below each 
flower, a larger one (Fig. 257 la, 2a, and so on), which is the bracteole 
of the flower, and a smaller one (Fig. 257 A 0^, 1/3, 2/3, &c.), which 
is the bract from the axil of which the flowering-shoot springs. In 
other of the Solaneae similar arrangements are found. Most plants of 
this order are poisonous. 


Sub-fam. 1. Solane^. Fniit a berry. In the genus Solanum the anthers 
are syngencsious : S, Dulcamara^ the Bittersweet, has a blue flower, and aV. 
nigrum has a white flower ; both are common : S. tuberosum is the Potato-plant. 
Physalis Alkekengi^ the Winter Cherry, has an inflated red calyx which encloses 
the berry. Lycopergicum esculentum is the Tomato. The fruits of Capsicum 
longum and annuuin are known as Chili Peppers. Atropa Belladonna is the 
Deadly Nightshade ; the anthers are not syngencsious, and the corolla is cam- 
panulate ; the berries are black and very poisonous. Lycium harbatum is a shrub 
belonging to S. Europe which has become wild in places in the North. 


Sub-fam. 2. NicoTiANEiB. Fruit 
a 2-valved loculicidal capsule. 

Nicotiana Tahacum is the Tobacco 
plant (Fig. 138 B). Petunia is 
commonly cultivated. 

Sub-fam. 3. Daturea. Capsule 
almost quadrilocular in consequence 
of the outgrowth of the septum, 
4-valved. 

Datura Stramonium is the Thom^ 
apple. 



Fio. 25&— Flower of Auchusa (flh^btly mag.): 
kt calyx ; c, corolla ; &, the scaly appendages. B. 
Fruit of ISyosotis (mag.): t, the receptacle; m, m, 
the four achflonla; g, the style. C. Diagram of 
the quadrilocular ovary in trans. section : r, the 
doraal sutures ; p, p, the placentas : $, the ovules. 


Sub-fam. 4. Htoscyahejl Cap- 
sule dehisces transversely. 

Byoscyamus niger is the common 
Henbane. 

Fam. 5. Asperipollb (Boba- 
GiKE^). Ovary consisting of two median carpels, spuriously quadrilocu^ 


IQ 
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lat in ^nsequence of a constriction along the dorsid suture of each carpel 
(Fig. 258 (7, r ) : the single style arises from the incurved apices of the 
caipels, and is surrounded at its base by the four loculi (Fig. 258 B) : 
each loculus contains a single suspended anatropous ovule. When 
the fruit is ripe the loculi separate completely, and appear to be four 
achsBnia: seed without endosperm: the corolla usually has four 
scaly ligular appendages at the junction of the limb with the tube 
(Fig. 268 6) : inflorescence cymose, scorpioid and often very compli- 
cated. Herbs or shrubs generally covered with harsh hairs and (mly 
rarely glabrous, e.g., Myosotia paltuMa, 

8ub-fain. 1. ^Ihretoidejb. Style at the apex of the ovary. 

Heliotropivm peruviantmt a well-known garden plant with fragrant flowers. 

Snb-fam. 2. Boraoinoibeje. Style inserted between the four loculi 

Myosotisis the Scorpion-grass ; if. palnstria, the Forget-me-not, occurs in damp 
places, if. aylvcUica in woods, and if. arvensis and others in fields. Lithospermtim 
arvmse (Gromwell) Z. offidnoUe^ Echium vulgare (Viper's Bugloss), Lycopsia 
arvenaiSy (Common Bugloss] Cynogloaaum officinale^ (Hound's-tongue) are common 
weeds. Borago offixmalia is the Borage. 

Order 33. — ^Labiatiplor®. 

Flower pentamerous, zygomorphic with median symmetry : corolla 
usually bilabiate, the two posterior petals being connate and forming 
a frequently helmet-shaped (galeate) projecting upper lip, the anterior 
petal, with the two lateral petals, forming the under lip : the posterior 
stamen is usually abortive or appears as a staminode ; the two lateral 


c 

'kio. 259.— Flowers SerophulariiiesB A, Antfarhiiiuin : I;, calyx; r,tube of the ooroUa 
gibbous at the base (h) ; o, upper ; «, under lip of the corolla ; g» prcuninepoe of the under lip. 
JB, Upper Up of the same, seen horn within : a, the two longer anterior stamens ; s', ^ short 
latend ones ; at, rudimentary posterior one. O. Flower of Veronica; calyx ; v, the 
three lobes of the lower Up ; o, the lobod upper Up ; s, «, the two lateral stamens ; n, stIgmA 

stamens are generally shorter than the two anterior ones, so that the 
flower is didy hamous ; ikimetimes the two Jatesal stamens (Fig. 260 (7) 
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and sometimes the two anterior ones (Fig. 260 B) are abortive : in 
the perianth, suppression of the posterior sepal sometimes occurs 
usually combined with the coalescence of the two posterior petals to 



Fio. 260.— Floral diagrams, A. Of most Sorophularineaa. B. Of Veronica. C. Of the Lent!- 
bulorlon : o, upper : u, under Up. 

form an undivided upper lip (Fig. 260 B ) : the two median carpels 
form a usually bilocular ovary which is sometimes subdivided into four 
loculi : leaves scattered or opposite decussate, exstipulato : the 
leafy shoots have no terminal flower : the formula is generally \J/.A!1[5) 
((7(5) Ab) 

Fam. 1. ScROPHULARiNBiE. Ovary bilocular with numerous anatro- 
pous ovules borne on axile placentas : seed vnth endosperm : stamens 
four, didynamous, often with a rudimentary fifth posterior stamen 
(Fig. 259 jB, 8t) \ sometimes only the two lateral stamens are present ; 
rarely all five are fertile. 

Sab-fam. 1. Antirrhinea The upper lip of the corolla is usually outside 
the others in the bud (cochlear aestivation) ; plants not parasitic. 

In the genus Verbascum, the Mullein, the flower is imperfectly zygomorphic, 
the 6 stamens are unequal in length (2 long, 3 short) : V, ThapsuSf the Great 
Mullein, V. Lychnitis^ the White Mullein, and V, nirfrum^ the Dark Mullein, 
occur on banks and waysides. Antirrhinum, the Snapdragon, has a projection on 
the lower lip of the corolla termed the palate ; the corolla is gibbous at the base ; 
stamens 4 (Fig. 259 AB) : A. majiiSt the groat Snapdragon is a well-known garden 
plant Linaria has a sparred corolla ; stamens 4 : L. vulgaris^ the yellow Toad- 
Flax, is common in fields. Digitalis, the Foxglove, has an obliquely campanulato 
(digitaliform) corolla ; stamens 4: D, purpt^rea is common in woods'; the yellow D. 
grandiflota is cultivated. Scrophularia has a globular corolla ; S. nodosa (Figwort) 
and 8* aquatica are common. Veronica the Speed- well, has only the 2 latera) 
stamens, and the two lobes of the upper lip of the (rotate) corolla are united ; thn 
posterior lobe of the calyx is suppressed (Fig. 250 f7, 260 B ) ; F. AnagalliSy and 
V, Beccalnmga are common in ditches, V, arvensiSf agrestiSf serpylUfolia and 
others in pastures and fields. In Gratiola, the Hedge Hyssop, the two anterior 
stamens are repres^ted by staminodes. Paulovcnia imperialis is an ornamental 
flowering tree from Japan. Many species of Mimulus (Musk), Calceolaria, and 
Pentastemon, are cultivated. 

Sub-fiun. 2. Bhxmahthagsjl Corolla with imbricate sestivation ; parasitip 

T»1 nf 
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Pedicttlaris has a 6-toothed calyx, and the upper lip of the corolla is galeate ; 
Enphrasia, the Eyebright, has a 4-toothed calyx : Bhinanthas, the Battle, has a 
4rtoothed inflated calyx : Molampyram has a 4-toothed tubular calyx, and the 
capsule is few-soeded : all these plants possess chlorophyll, but they are more or 
less parasitic upon the roots of other plants. Lathnm sqv/maria does not 
possess chlorophyll ; it is of a pale rose colour with slightly bluish flowers ; it is 
parasitic on the roots of trees, especially of the Hazel. 

Fam. 2. Bignoniacej:. Stamens generally four, didynamous : seeds 
usually winged, without endosperm. Woody plants or climbers. 

Catalpa hignonioides is an ornamental tree from N. America. 

Fam. 3. Aoanthacb^. Stamens four, didynamous : ovules few, on 
projecting placentas : seed without endosperm. Herbs. 

Acanihit^ mollis and other species from S. Europe, are ornamental plants. 


Fam. 4. Gesneraceaes. Stamens usually four, didynamous, or some- 
times two only : ovary unilocular with numerous parietal ovules. 
Generally herbs with opposite leaves. 

Columiica Schicdeana^ Achimenes, Ligeria and others are ornamental plants 
from tropical America. 


Fam. 5. OROBANCHEiB. Plants which are parasitic on the roots of 
other plants, destitute of chlorophyll, with scales instead of leaves, 
otherwise similar to the foregoing. 

Orohanche ruhens and cruenta (Broomrapes) on Leguminosee, luconcm on Ber- 
beris, Hederoe on Ivy, ramosa on Hemp ; mostly of a brownish or whitish hue. 



Pia. 261 .—Bladders of Utrlcularia. A. 
Outside view : pedicel ; o, entrance ; i and b, 
^bristly appendages. B. Section : v, a valve 
opening Inwards and preventing the exit of 
the imprisoned animal (mag.). 


Fam. 6 . LENTiBULARiEiE. Only 
the two anterior stamens are deve- 
loped (Fig. 260 (7) : ovules numerous 
on a free central placenta : seed 
without endosperm. 

The numerous species of TJtricularia 
are floating water-plants with finely 
divided leaves bearing bladder-like appen- 
dages which serve to catch small aquatic 
animals (Fig. 261). Pinguicula vulgaris 
and alpina (Butterworts) are small plants 
with rosettes of radical leaves growing in 
damp places. 


Fam. 7. Labiatjb. Stamens four, didynamous (Fig, 262 ; rarely^ 

as in Salvia and its allies, only the two anterior stamens are developed : 
ovary sub-divided into four chambers, as in the Boragineas, which part as 
the seed ripens into four ach8enia(Fig. 262 C ) : the ovule in each chamber 
48 solitary and erect : seed vdthout endosperm. Herbs with* decussate 
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leaves and quadrangular stem ; the flowers are disposed apparently in 
whorls round the stem, but the inflorescence is in fact made up of com- 
pound cymes or dichasia, 
termed verticillasters, de- 
veloped in the axil of each 
of the two opposite leaves. 

Sub-fam. 1. Ocymoideje. 

Stamens 4, descending. 

Ocymum Baailicum, the 
sweet Basil, from India, and 
Ijavendula, the Lavender, 
from S. Europe, are culti- 
vated as potherbs. 

Sub-fam. 2. Menthoideai. 

Stamens 4, equal, ascending, 
divergent : corolla almost 
regular, 4- or 5-lobed. 

Many species of Mentha, 

Mint, are common. Several 
species of Coleus, and Pogostcmon Patchouli^ yielding oil of Patchouli, are culti- 
vated. Lycopus has only 2 stamens. 

Sub-fam, 3. Satu reined. Stamens 4, with broad connective, divergent, 
ascending. 

Origanum vulgare is the Wild Marjoram ; the Sweet Marjoram which is 
cultivated is an exotic species. Thymus Scrpyllum is the Wild Thyme ; the 
garden Thyme is T. vulgaris from S. Europe. Saturcia hortensis (exotic) is the 
Summer Savoy. Various species of Calamintha (stamens not divergent) are 
common, as also Clirwpodium vulgare^ the Wild Basil. 

Sub-fam. 4. Melissineje. Stamens 4, with narrow, connective, divergent. 

Melissa officinalis^ the Balm, and Hyssopus, the Hyssop, are cultivated as 
potherbs. 

Sub-fam. 6. Monardeaj. Stamens 2, ascending: one cell of eath anther is 
either wanting or it is widely separated from the other. 

Salvia verheneuxa^ the Wild Sage, is common, liosmarinus offixnnaliSy the 
Common Rosemary, is exotic. 

Sub-fam. 6. Nepetka Stamens 4, ascending; the posterior two are the 
longer. 

Nepeta Cataria^ the Catmint, occurs in hedges, and Olechorm hederoLceay the 
Ground Ivy, is very common. 

Sub-fam. 7. STACHYDEiB, Stamens 4, ascending ; the anterior two are the 
longer : upper lip of corolla usually arched (ringent). 

Lamium alhumy the Dead-Nettle, and purpurtum are very common. Various 
species of Galeopsis, Stachys, Betonica, Marrubium (Horehound), Ballots, 
Melittis, and -Leonurus are common. 

Sub-fam. 3. Scutellaalb. Stamens 4, ascending : calyx closed when the 
fruit is ripe. 



Fia. 262.—^. Flower of Lamium, side view : fc, calyx ; 
0 , upper ; u, under lip. B. Flower of Loonurus oi>enod : 
o, upjwr ; tt, divided under Up ; «, lateral loboa of the 
corolla : /, /, ahoot ; /', long stamens (mag.). C. Ovary : 
w, ach«3nia ; g, style (mag.). 
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In the genns Scutellaria, the anthers of the anterior pair of stamens are nni- 
locular ; S. galericulcUa^ the Common Skullcap, and 8. minor, the Lesser Skull* 
cap, are common. In the genus Prunella each filament has a small tooth below 
the anthers : P. vulgaHa is common. 

Sub-fam. 9. AjUGOiDSis. Stamens 4, ascending. 

Jjuga reptam, the creeping Bugle, and Teucrium Scorodonia, the Wood 
Germander, are common. 

Fam. 8. Vbrbbnacjbjb. Stamens four, didynamous, or two: ovary 1 or 
2-locidar, with two ovules in each loculus, or spuriously 2 or 4-locular in 
consequence of the presence of false dissepiments, with one ovule in 
each loculus : the fruit separates into 2-4 segments (achsenia) : style 
terminal : leaves usually opposite, exstipulate. 

Verlena officiruilis, the Vervain, is common on waste ground and roadsides : 
V, AMetia is a common garden plant. TecUma grandia, tlie Teak tree of the £. 
Indies, has a hard wood used in ship-building. 

Fam. 9. Globularibjb. Stamens four : ovary unilocular, with one 
suspended ovule : style lateral : seed with endosperm : leaves 
scattered, inflorescence capitulate. 

Olohularia vulgaris and cordifolia with radical leaves occur here and there in 

Fam. 10. PLANTAGINEiE. 
Flowers actinomorphic and ap- 
parently tetramerous, but the 
true interpretation of them is 
deduced from those of Veronica : 
the posterior sepal is suppressed, 
as also the posterior stamen ; the 
two posterior petals cohere to 
form an upper lip which is quite 
similar to one of the lobes of 
the three-lobed lower lip ; sta- 
mens four, the two anterior not 
being suppressed : ovary unilocular or spuriously 2-4-locular ; placenta 
parietal ; fruit a capsule with trfinsverse dehiscence, or an achsenium : 
seed with endosperm. 

Plawtago tanceola/ta (Ribwort), media, the Plantains, are weeds uni- 

versally distributed. The leaves form a rosette just above the root, and t^e long 
scapes spring from their axils bearing simple spikes (Fig. 268 a, d). In P. Oynops, 
Psyllium and others the main stem is elongated : the testa of the seed is mucil- 
aginous. In JMsrtlla Ucuatris the flowers are monoeciona ; it grows on the bottom 
of shallow waters : fruit 1-seeded, indehiscent. 


dry places on the Continent. Selago. 



Fio. 268.— Flower of Plantago : o, axin of the 
InfloreBoence (scape); <2, bract; ib, calyx; c, 
corolla ; at, stamens ; n, stigma (mag.). In the 
diagram, o is the upper, and m the under lip. 
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2. Epigynm, 


Order 34. — Campanulin2B. 


Flowers actinoiiiorphic or zygomorphic, pentamerous : sepals leafy 
and narrow : stamens usually free from the corolla, but often connate : 
ovary of two to five carpels, inferior : formula, 0(5) A(5) jij. 

Fam. 1. Campanulacblb, Flowers hermaphrodite, usually actino- 
morphic : stamens five, often connate at the base : ovary usually tri- 
bcular, with numerous ovules ; placentation axile : fruit a capsule : 
seed with endosperm. Mostly herbs with milky juice. 



Fia. 264.--AndrQecium and gynoedum of Campanula : /, inferior ovary ; c, imortion of the 
corolla ; a, antbers ; b, expanded base of the stamens ; n, stigmas CxnAg.). 


Campanula rotundifolia^ the Hare-bell, glomcrata and other species are com- 
mon in fields, on heaths, &c., &c. : C, media is the Canterbury-bell cultivated in 
gardens. Phytcuma orhicula/re^ spicatunif the Rampions, are indigenous in parts 
of England ; the flowers are in capitula, and the calyx is deeply 5-cleft with 
spreading teeth : nearly allied is the genus Jasione ; J. moTifowa, the Sheep’s-bit, 
is common in England. Specularia has 
a rotate corolla ; S, speculum^ Venus's 
Looking-glass, is cultivated. 

Fam. 2. LoBELiACBiB. Flowers 
hermaphrodite, zygomorphic (Fig. 

266) : the corolla is commonly 
gamopetalous, forming a tube 
which is more or less cleft on one 
side, and the limb is divided 
into two lips, the lower one 
consisting of three lobes (Fig. 266 



Pio. 2M.—A. Flower of Lobdia: /, ovary; 
k, calyx ; o, upper, u, under lip of the corolla ; 


Ay u) and the upper of two smaller «, stamena. B. Andneclum and gynceoium 

of the same : tub ' ^ 

an, anthers (mag.). 


ones (Fig. 266 4 o) : at their first = "•* ' 


formation the position of these 
parts is exactly the reverse, but in the course of development the 
pedicel undergoes torsion, so that those parts which are originally 
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posterior become anterior, and vice^ersa : anthers syngenesions (Fig. 
266 B, er) and unequal in consequence of the zygomorphic structure 
of the flower : ovary, 1, 2, or 3-locular, with numerous anatropous 
ovules ; fruit a capsule : seed with endosperm. Herbs or shrubs 
usually with a milky juice. 

L. Dortmannif the Water Lobelia, and £. urenst the acrid Lobelia, occur in 
some parts of England. 


Fam. 3. CucuRBiTACB-fi. 
Flowers diclinous or polyga- 
mous, actinomorphic ; corolla 
of five petals : stamens five, 
but two pairs cohere, so that 
there appear to be but three 
(Fig. 267, diagram); sometimes 
there is only one short one 
with a large sinuous anther : 
ovary inferior, unilocular, or 
spuriously multilocular, with 
one or (more often) many 
ovules : fruit baccate (a pepo or 
a succulent berry), often of 
great size, with a relatively 
thick and solid epicarp : seeds 
without endosperm. Herbs 
Fio. 267.— A. Longitudinal section of female with scattered leaves, often 

flower of Cuoumta : /. ovary : rt. ovulee ; * calyx : climbers, the tendrils growing 
G, corolla; n, stigma; at\ rudimentary stamens. ; ° ® 

B. liongitudinal section of male flower : 9t, stamens ; by the side of the leaves. 

< rudimenta^ ovary ; t^e corolla (e) is not all Cucurhita Pepo, is the Pumpkin: 
shown (somewhat mag.). Floral diagram of Cucur- , « . , « 

the genus Cucumis has free sta- 
mens ; Cucumis sativa, is the 
Cucumber, and [Cucumis Melo is the Melon : Citrullus milgaris is the Water 
Melon. The genus Bryonia has a small white corolla, the loculi of the ovary 
are 2-seeded, and the fruit is a succulent berry ; B, dwica is common in shrubs 
beries and hedges. 



Order 35. — Aggregate 

Flowers actinomorphic or zygomorphic, 4-or 5-merous : calyx incon- 
spicuous, often altogether suppressed *, stamens commonly inserted 
on the tube of the corolla : ovary inferior consisting of 2-5 carpels : 
the flowers are generally collected into capitula \ general formula, 
Ati Or A fTfn) 7^ whfiWi n «a A or 5, 
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Fam. 1. Rubiacbjs. Flowers actinomorphic, 4-or S-merous : calyx 
leafy or suppressed : corolla with valvate sestivation : ovary 1- or 2- 
locular, consisting of two carpels, 1- or many-seeded : seed usually con- 
taining endosperm : 
leaves decussate, sti- 
pulate : stipules fre- 
quently segmented 
(always in the indi- 
genous genera) and 
quite similar to the 
true leaves (Fig. 268 
A, ra, «) : the true 
leaves are distin- 
guished by the bran- 
ches which arise in 
their axils (Fig. 268 
A,//, 8 8), 

Sub-fam.l. Stellatjs. 

Stipules large and leafy. 

Galium, Bedstraw, has 
a rotate corolla and 
an inconspicuous calyx, 
usually tetramerous : G. 
verurrif Mollvjgo^' Apa- 
rine, and others are 
common in hedges and 
pastures. Asperula has 
an infundibuliform corolla, but in other respects the flower resembles that 
of Galium ; A, odorata, the Wood-ruff, is common, Rubia tinctorumy the 
-dyer’s Madder, has a pentamerous flower, a rotate corolln, and a baccate fruit ; it 
is used in dying and largely cultivated ; it is indigenous in Southern Eurojw and 
the East ; it is closely allied to the British species R. percgrindy the Wild 
Madder. Sherardia has a conspicuous calyx ; S, arocmds, the Field Aladder, is 
found in cultivated and waste places. 

Sub' fam. 2. Coffeack®. Stipules scaly ; loculi 1-seeded. 

Coffea arahica, the Coffee-tree of Africa, is grown in the tropics ; the fruit, a 
berry, contains one or two seeds ; the so-called coffee-bean is the seed which con- 
sists of endosperm and contains a small embryo. Cephaelis yields I|)ecachuana. 



Pro. 208. — A. Portion of a stem of Rubia tinctm'wn : /, /, the 
decussate loaves with the young shoots («, ti) in their axils ; 
n, n, the segmented stipules resembling the loaves (nat. size). 
B. Flower (mag.) : /, ovary ; k, calyx (rudimentary) : c, 
corolla ; a, anthers ; n, stigma. 


Sub-fam. 8. Cinchone®. Stipules scaly ; loculi many seeded. 

Various species of Cinchona, indigenous to the eastern slopes of the Andes, but 
cultivated in Java and the East Indies, yield the cinchona-bark from which 
Quinine is prepared. 

Fam. 2. Caprikoliacm. Flowers usually pentamerous, actinomor- 
phic or zygomorphic : corolla usually with imbricate sestivation ; ovary 
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2-^locular : ovules pendulous : fruit baccate ; seed with endosperm : 
leaves opposite, usually exstipulate. Mostly trees or shrubs. 

Sub-fam. 1. Sambucsa Corolla rotate, luraally actmomoTphic ; one seed in 
each loculns. 

Sambucus has a 5-partite corolla, and 8-5 seeds in the berry ; S. nigra is the 
Elder. Viburnum has a 5-partite corolla and 1 seed in the berry ; F. Lantana 
and F, opultiSf the Guelder Rose, are common ; a form of the last species is culti- 
vated, in which all the flowers (and not merely those at the circumference of the 
corymb as in the original species) have large corollas, and are barren. Adoxa 
irutacfuUellina is a small plant occurring in damp woods ; the stamens are branched. 



Fia. 269.— Floral diagram of 
CaprifolUcoBa. A. Loyoeateria : a. 
gynoecium of Loniccra : 6, of 

Symphoricarpiia. / 


Fig. 2t0.— Flower of Lonicera Caprifolium : /, ovary ; Ir, calyx ; r, tube ; c, c, the five lobee of 
the limb ; Btamena : g, style ; n, stigma. 

Sub-family 2. Lonicebeab. Corolla tubular, usually zygomorphic : loculi con- 
taining several ovules. 

Lonicera, the Honey-suckle, has 2-8-locular ovary ; L. Caprifolium and Peri- 
clyTHmunit with a climbing stem, are. well known garden shrubs ; in many species 
the fruits of two adjacent flowers grow together to form a single berry {e.g.t L, 
alpigena), Symphoricarpus racemosuSy the Snowberry, has a 4-5-locular ovary 
and white berries ; it is a common ornamental idirub. Diervilla has a bilocular 
Capsule ; D. Cmadenm and rosea are ornamental shrubs. Linwua hweaUs is a 
small creeping plant in Norway and in the Alps. 

Fam. 3. Valbrianba Flowers zygomorphic or irregular, originally 
pentamerous: calyx wanting, or sometimes assuming the form of a 
hairy corona of ten rays, called a pappus, which is not developed until 
after flowering (Fig. 271, during flowering it remains short and 
infolded (Fig. 271 X, A:) : only tliree stamens are usually developed : 
carpels three, forming a trilocular ovary, of which, however, never more 
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than one loculus deyelopeB ; ovule single, suspended. (Diagiam, Fig. 
271) : seed without endosperm : 

Valeriana offidfialia^ and dioioa, 
m common in damp placea Ya- 
Ifirianella has a toothed calyx-limb, 
many species are common in fields : 

Valerianella oliioria^ Comsalad, or 
Lamb’s lettuce, is eaten. CevUranlhm 
rvh&r is an ornamental plant ; only 
one stamen and one carpel are deve- 
loped (Fig. 271, Diagram ^ ; at the 
base of the tube of the corolla is a 
spur which is indicated in Valeriana 
by a protuberance. 

Fam. 4. DiPSACBiE. Flower 
originally pentamerous, and sur- 
rounded by an epicalyx (Fig. 

272 Id) formed of connate 
bracteoles : calyx often plumose 
or bristly (Fig. 272 A:) : corolla 
bilabiate : stamens only four, the 
posterior one being suppressed : 
ovary unilocular with one suspen- 
ded ovule : seed with endosperm : 
leaves decussate, exstipulate : 
flowers in a dense capitulum /, ovary ; Jfc, calyx ; c, corolla ; ft, spur ; nt, ata- 
surrounded by an involucre: v. "tyio : p. wp”- Fi«mi dingnim., 

of Valerian ; B, of CoiitrantbuB. 

the outer florets are usually 

ligulate : the receptacle may or may not bear scaly bracteoles : fruit 
invested by the epicalyx which is cleft longitudinally. 

Dipsacus, the Teazle, has a calyx without bristles ; the capitula of Dipeacue 
Fullonum are used in finishing woollen cloth, for the sake of the strong hooked 
spines of the bracts : D, ailvestris is common on waste ground. Scabiosa has 
palese, and the projecting limb of the epicalyx is dry ; S. Columbaria is common 
in pastures. In Succisa the limb of the epicalyx is herbaceous ; S. pratenaia 
occurs in damp meadows. Knautia has palece ; epicalyx entire ; K. arvcnaia 
is common in fields. 

Fam. 5. Composite;. The flowers are always collected into many- 
flowered capitula (sometimes only 1 -flowered) ; in the same head, 
hennaphrodite, female, and asexual flowers generally occur: ovary 
inferior, unilocular, with a basal, erect, anatropous ovule : the calyx is 
rarely present in the form of small leaves or scales (Fig. 275 Dyp ) ; 
more commonly it is a crown of simple or branched hairs (Fig. 273 j?, 
and 275 JS?, p)f and is not developed till after the flowering is over 
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it is termed the pappus : sometimes the calyx is wholly wanting i 
corolla tubular^ either regular, and 6-toothed (Fig. 273 A, c, 276 C, 
m, c), or expanded at the upper end into a lateral limb with 3 or 6 
teeth (Fig. 273 B, 276 B, ra\ (Fig. 276 Aj c), when it is said to be 
ligulate : the stamens are short, inserted upon the corolla (Fig. 273 
A, 8t ) ; the anthers are elongated and syngenesious, forming a tube 
through which the style passes (Figs. 273 A^ a, 276 Ay a ) : this is 
bifid at its upper end (Figs. 273 Ay w, 276 ^ and (7 w) : on each of 
these branches the stigmatic papillae are arranged in two rows : in the 
wholly female flowers the styles are usually shorter (Fig. 27 S B, g) : 
Fruit an inferior achene (cypsela), crowned by the pappus (Fig. 275 E 
and Dyjp) when this is not wholly wanting (Fig. 27 5 Fyf): sometimes the 
fruit has its upper end prolonged into a beak, and its surface is 
covered with ridges or spines (Fig, 275 Ey h) : seed without endosperm. 

Usually herbs with scattered (more rarely decussate), exstipulate 
leaves, often with milky juice. The capitula are always surrounded 
by a number of bracts forming an involucre (Fig. 276 B, i). The 
scaly bracteoles of the individual florets (paleae) may be present or 
wanting (Fig. 275 ( 7 , d). 

The Compositae are classified according to the form of the flowers 
and to the distribution of the sexes in the inflorescence. 
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Flo. 278.^Flower of Arnica (mag.). A, Floret from the centre (dleo) (longitudinal sect.). 
B. Marginal floret (ray) : /, ovary ; p, pappus : e, corolla : anthers ; n, stigma ; g, style : 
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Sab-fam. 1. Tvbuliflora. The capitok either egnuNt entlr^ of herma- 
phrodite tuholar florets (by tubular flowns are meant those with a regular 
5-toothed corolla) or the omitral florets (florets of the disc) are tubular and 
hermaphnodite, whereas the florets of the ray are ligulate and female or asexual, 
.and form one or two rows (Fig. 272 278 J?, m ), 



Fia. 276.— Flowers of Corapositflo : /, fruit or ovary ; h, its beak ; p, pappus ; c, corolla ; 
9, stamens ; n, stigmas. A. Ligulate flower of Taraxacum, with a 6-toothod calyxdiiub, 
hermaphrodite. B. Capitulum of Achillea (mag.) : ra, floret of the ray, with ligulate 3-tootbod 
corolla, female ; m, hermaphrodite florets of the disc, with a 5-toothcd tubular corolla ; 
i, involucre. C. Longitudinal section more highly maguifled : r, reccx>tacle ; i, involucre ; 
'd, bracteolcs (palese) ; ra, floret of the ray ; m, floret of the disc ; n', stigmas of the female 
flowers. D. Fruit of Tanacetum, with a scaly pappus. E. Of Taraxacum, with a hairy 
pappus. F. Of Artemisia, without a pappus (mag,). 

Tribe 1. Eupatoriacr*. The branches of style narrow ; papillae extending 
to the middle. 

JEupoUorium Catmahinumt Petasites offidnalis, the Butter-bur, Tuasilago Far- 
fara^ the Coltsfoot, are common in damp places. 

Tribe 2. AsTEROiDEiE. Branches of the style hairy above, papillae extending 
to where the hairs begin. Many species of Aster, belonging chiefly to N. America, 
are cultivated as ornamental plants, as also Callistephua ChinenaiSf commonly 
known as the China Aster. Erigeron acer and canadensiaf the latter is an imported 
weed. BellU perennial the Daisy, is universaL Inula Eelmium is the Ele* 
campane. Bolidago, the Golden Rod. 

Tribe 8. Sbnboionidilb. Branches of the style tufted at the tips. 
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Smeeio inUgt^ris, the . Groundsel, is nniversal as a weed. Arnica moniana 
occurs in a^ine woods. AriemiHa AhwynOdum^ Wormwood, A. vyXgaric and earn- 
pustric are common. OhrysarUhemum LeucawQumwni, the Ox-eye Daisy, is common 
in fields. Mairicaria ChxmomiUa, the Wild Chamomile, has a hemispherical 
hollow receptacle destitute of palese. Awthcnvia nobiliSf the Common Chamomile, 
has a receptacle bearing palese, as also A. arvensMy the Com Chamomile. Achillea 
MUlefoliwm is the Milfoil. Tcemcetvm •ouigart^ is the Tansy. Helianthtbs 
annuua, is the Sunflower ; oil is extracted from the seeds ; the tubers of H. 
tvherosua^ a West Indian species, are rich in inuline, and serve as a vegetable and 
for fodder (Jerusalem Artichokes). 

Tribe 4. CTNAnEiC. Style thickened below the branches Thistles, leaves 
generally armed with thoma 

Lappa (Arctium) major , minor, tomentoaa, the Burdocks, are common by road- 
sides ; the leaves of the involucre are hooked and spinoua Carduus niUans and 
arcanthoides are Common (true) Thistles : Cirsium lanceolcUum, paluatre, olera* 
ceum, rivulare (Plume-thistles), are common in damp districts. Carlvtia 
acaulia is the Carline ; the inner leaves of the involucre, which are white, fold 
over the flower head under the influence of moisture, but in drought spread widely 
open. Centaurea acahioaa, jacea, the Knapweeds, are common everywhere : (7. 
Cyanua is the Corn-flower or Blue-bottle, occurring in wheat fields. Gynara 
Soclymua is the Artichoke ; the flower buds are eaten as a vegetable. Cartharaua 
tinctoria, the Safflower, is used in dyeing. In Echinops, the Globe-Thistle, 
(exotic), numerous one-flowered capitula are collected into one large spherical 
head. 

Sub-fam. 2. Labiatiflor/e. Hermaphrodite florets with a bilabiate corolla ; 
the male and female florets have a ligulate or a bilabiate corolla. S. American. 

Sub-fam. 3. Liguliflor^ (Cichormceoa). All the florets are hermaphrodite ; 
limb of the corolla 5-toothed and ligulate (Fig. 275 A). 

Taraxacum offixinalc, the Dandelion, is the commonest of wild flowers. Lactuca 
aativa, is the Lettuce. X. Scariola, viroaa, and others, are common in waste 
places. Scorzonera hiapanica is eaten as a vegetable. Tragopogon porrifolium, 
the Salsafy, and T. praienaia, the Goat’s beard, are common. Cichorium Irdyhua, 
the Chicory, is found by roadsides ; the roasted roots are mixed with Coffee : (7. 
tndivia (Endive) is a vegetable. To this group belong also the genera Hieracium, 
Souohus, Crepis, Lapsana. 
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Table giving the Classification of Angiosperms usually followed in 
England, and showing its relation to that adopted in this work. 


Cruci florae. 


DICOTYLEDONS. 

Division I. Polypetal^ Sepals anrl 

petals usually present ; petals dis- Sub-class. ELBUTHBROPETALiE. 
tinct, rarely absent or united. 

Series I. ThalamiflorcB, Calyx, corolla 
and stamens, usually free and hypo- 
gynous. 

Order. Ranunculaceae. 

„ Magnoliaceae. 

„ Menispermaceae. Series. Aphanocyclicoi. Older. Poly carpi cae. 

„ Berberidaceae. 

„ Nymphaeaceoe. 

„ Papaveraceae. 

„ Fumariaceas. 

„ Cruciferae. 

„ Cappaiidaceae. 

„ Sarraceniacese. 

„ Resedacero. 

„ Bixaceae. 

„ Cistacese. 

„ Droseraceae. 

„ ViolacesB. 

„ Tamaricacero. 

„ Temstroemiacese. 

„ Clusiacese (Gut- 
tiferae). 

„ Hypericace®. 

„ Elatinaceae. 

„ Malvace®. 

„ Sterculiace®. ^ „ „ Coluiiinifer®. 

, „ Tiliace®. 

„ Caryophyllace®. „ Ceiitrogpermce. „ Caryophyllin® 

(part of). 


Cistiflor®. 


20 
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Order. Sapindaceae. 

» Aceracese. 

Polygalace® 

„ Erythroxylaceae. 

„ Linaceae. 

„ Oxalidaceas. 

„ Geraniaceae. „ „ 

,, Balsaminaceae. 

„ TropaeolaceaB. ^ 

Zygophyllaceaa. 

Butaceae. | 

„ Xanthoxylaceae. ' 

„ Simarubaceaa. I" ** 

„ Meliaccae. 

„ Aurantiaceaa. j 

„ Vitaceae. ) 

„ Pittosporaceae. 1 ** 

Series 2. Calyciflorce, Flowers perigynous 
or epigyuous. 

Order. Celastraceao. ) 

,, Rhaiiinaceae. i ** 

Terebintliaceae 

•(Anacardiaceaj). ,, ,, 


Leguminosas. „ Galicijioroe, 

Eosaceae. ,, ^ 

Myrtaceae. 

Ebizophoraceas. 

Onagraceae, 

Lythraceae, 

Papayaceae, 

PassitloraceaB. 

Begoniaceae. 

Cactaceae. 

Saxifragaceas. 

Crass ulaceae. 

EibesiacesB m 

(Grossulariaceae) 

Hamamelidaceae •' 

Umbelliferae. 

Araliaceas. 

ComaceaB. 

ParonychiacesB. ^ 

PortulacacesB. ( „ Centrospermc^, 

Mesembryantha- 1 
ceae ( Aizoaceae)* ' 



I 

I 

J 


Order. jEsculinaB. 

,, Gruinales. 

,, Terebinthinad (part 

of). 

,, Frangulinae. 

„ Frangulinae. 

,, Terebinthinae (part 

of). 

,, Legaminosao. 

,, Rosiflorae. 

„ Myrtiflorae. 

,, Passifloriiiae. 

„ OpuntinsB. 

,, Saxifraginae. 

,, Umbelliflorae. 

,, CaryophyllinaB (part 
of). 
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Division II. GAMOPETALiB ((hnUifiorm ). 

Ck)rolla gamopetalous. Sub-class Gahopxtalji. 

Series 1, Epigynas, Ovary inferior. 

Series AnisocarpecB epigynm. 

Order. Caprifoliacess. 

,, Bubiacess. 

Valerianaceas. „ „ Order. Aggregatse. 


,, CompoeitsB. 

,, Lobeliaceea. > 

„ Campanidacefle. j *’ »» 

Series 2. Hypogynce tJ. Perigynce, Ovary 
superior : (inferior in Vacciniese). 
Order. Ericaceae. ,, Isocarpem. 

,, Plumbaginaceae. 

,, Myrsineae. 

,, Primulaceae. 

,, Sapotaceae. 

,, EbenaceaB. 

,, Styracaceae. 

„ Aquifoliaceao. {Eleutliero- 

(Ilicineas). petalce. Eucyclicce 


■} 


Oleaceae. 
Jasminaceaa. i 
Loganiaceae. x 
Gentianadeapi. r 
Apocynaceae. j 
Asclepiadaceae. ' 
Polemoniaceae. > 
Convolvulaceae. | 
Solanaceae. i 
Boraginaceae. ' 
PlantaginacesB. ^ 
Labiatae. 
Verbenaceae. 
Acanthaceae. 
Bignoniaceae. 
Gesneraceae. 
Orobancbaceaa. 
ScrophulariaceaB 
Lentibulariaceae 
Globulariaceae 


,, Anisocarpeoi hy- 
pogynm. 




(Selaginaceae). J 

Division III. APETALiE. Perianth sepa- 
loid. 

Series 1. Hypogynce, Ovary superior. 


Campanulinae. 

Bicomes. 

Primuliiias, 

Diospyrinfie. 

FrangulinaD, part ot), 
Diandrae. 

ContortoB. 

TubiflorsB. 


LabiatiflorsB. 


Sub-class Eleuthxbofstalji. 
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dos 


Order. 

PolygonacesB. 

Series (kntroqtermas. 

Order. Polygoninse. 

>» 

NyctaginacesB. 

\ 



AmaiantacesB. 

f >» » 

„ CaryophyllinsB 

» 

ChenopodiacesB. 


of). 

>» 

PhytolaccacesB. 

/ 



LauracesB. 

MyristicacesB. 

„ Aphanocyclica, „ PolycarpicsB. 


ThymelacesB. 

1 


i« 

EleagnacesB. 

> „ Calycifloroi, 

„ ThymsBlsBinflB. 

M 

ProteaoesB. 

) 


)} 

EuphorbiacesB. 

„ Tricoccce, 

„ TricoccoB. 


Sub-class. JULIFLORiB. 


(part 




UrticacesB. 

Artocarpacese. 

UlmacesB. 

PlatanacesB. 

PiperacesB. 

BetulacesB. 

MyricacesB. 

SalicacesB. 

Casuarinaceee. 


) 

! 


>» 


Series 2. Epigynce v, P&rigynce, 
inferior. 

Order, JuglandacesB. ) 

,, Cupuliferaa. ) 

,, BalanophoracesB. 

CytinacesB. ”) 

„ BalEesiacese. i 


AristolochiacesB. 

SantalaceaB. 

LoranthacesB. 


„ Order. UrticineB. 

,, PiperinsB. 

,, AmentacesB. 

Ovary 


>> » 

Sub-class. Monochlamydejs. 
Order. BalanophoresB, 

„ RhizanthesB. 

„ SerpentariesB. 

„ SantalinsB. 


MONOCOTYLEDONS. 

Division I. Petaloide^. Perianth 
usually present and petaloid. 

Series I, Epigynas, Flower-tube adherent 
to ovary. 

Order. OrchidacesB. Sub-class CoBOLLiFLORiB. 

Order. Gynandraa. 

„ TaccacesB. 

„ DioscoreacesB. 

„ AmaryllidacesB. 

IridacesB. 

BromeliacesB. 


LiliiflorsB (with in 
ferior ovary). 
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i Sub-class. COROLLlFLORiE. 

Order. Scitaminee. 


Hydrocbaridess. 


Order. Musaceas. 

„ Zingiberaceas. 

„ Marantaceae C 

(Cannaceae), • 

„ Hydrocbaridaceas. ,, HELOBiiB. 

Series 2. Coronariece. Flower-tube free 
from ovary. 

A. Syncarpas. Carpels united : seed usually contains endosperm. 

Order. Smilaceae. ^ Sub-class Corolliflor^. 

„ Liliaceae. > Order. LiliiHorae (with supe- 

„ Pontederaceae. J rior ovary, part of). 


Xyridaceae. 
Commelynaceae. 




„ MiCRANTHiK. „ Enantioblastaa (part 
of). 

B. Apocaq3ae. Carpels usually distinct : seed usually without endosperm. 
Order. Alismaceae. 

„ J uncaginaceas. 

„ Naiadaceas (incl. i 
Potamogetoneas). 

Division II. SPADiciFLORiE. Inflorescence a spadix, with or without a 
spathe. 

Order. Palmaceae. 


Sub-class HBLOBIiE. 

Order. Polycarpicae. 

Fluviales. 


.. PandanacesB. i 

(incl. Cyclanthea.) 1- Migrant^. 


I 


Order. Spadiciflorae. 

Fluviales (part of). 


„ Aroidaceae. 

„ Typhaceae. J 

„ Lemnaceae. ,, Hblobi^. „ 

Division III. GLUMiFLORiE, Perianth glumaceous. 

Order. Juncaceae. Sub-class CoROLLiFLOB-ai:. 

Order. LiliifloraB (with supe- 
rior ovary, part of). 

„ Desvauxiaceae 


(Centrolepideae). 
Eriocaulaceae. 
Bestiaceas. ^ 
Cyperaceae. 
Graminaceae. 


Sub-class Micranth-®. 

Order. Knantioblastae 
of). 

„ Glumaceae. 


(part 
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Amentum, .... 202 
Ammonia, . . . .74 

Amoeboid movement, . . 30 

Amphigastria, . . .141 

Amplexicaul, . , . ,11 

Anatomy of plants, . . 24 

Anatropous ovules, . .163 

Androecium, .... 176 
Angle of divergence, . . 4 

Annual plants, . . . 166 

Annual rings, . . .52 

Annual shoot^ . . .16 

Annular bark, . . .64 

Annular vessels, . . .45 

Annulus, . . . 153, 158 

Anterior, .... 188 
Anthela, . . . 202,217 

Anther, 177 

Antberidium, - . 109, 137, 147 

Antherozoid, . . 97, 105, 148 

Anthocyanin, , . .35 


Apex, . . . 
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. 1 

Apical cell, . 
Apocarpous gynoecium, 

. 64 

. 180 

Apophysis, 

. 172 

Apostrophe, . 

. 96 

Apotheciiun, . 

. 125 

Apposition, . 

. 27 

Archegonium, . 12 

17, 148, 168 

Arillus, . 

. 165, 170 

Arista, . 

. 213 

Arrangement of leaves, 

. 3 

Ascidium, 

. 13 

Ascogonium, . 

. 121 

Ascospore, 

. 115, 121 

Ascus, . 

. 121 

Asexual reproduction. 

. 97 

Ash of Plants, 

. 69 

Asparagin, 

. 71 

Asymmetrical flowers. 

. 189 

Atropous ovules, . 

. 163 

Autumn- wood, 

. 52 

Auxospores, . 

. 108 

Awn, 

. 213 

Axil, 

. 3 

Axile placentition. 

. Ifl3 

Axillary buds, 

3, 15 

Axis, 

. 2 

Bacca, . 

. 198 

Balsam, . 

. 59 

Barium, . 

. 69 

Bark, 

. 63 

Base, 

. 1 

Basidium, . . 114, 130, 133 

Bast (phloem), 

. 45 

Bastam, 

. 193 

Bast-flbres, 

. 46 

Berry, . 

. 198 

Biennial plants. 

. 166 

Bifurcation, . 

. 19 

Bilateral Structure, 

. 88 

Blade, . 

. 9 

Bleeding of plants, . 

. 81 

Bloom on plants, . 

. 60 

Bordered pits, 

. 40 



312 


IKDBX. 


Bostaycboid cyme, . •21, 202 

Boetrychoid Dichotomy, . 20 

Boetiyx, 202 

Bough, 16 

Bract, . . . . 15 

Bracteole, . . . 175, 188 

Branch-Systems, . . .19 

Bromine, . . . .75 

Bud, .... 3, 15 

Bud-scales, . . . .15 

Bulb, 19 

Bulbil, 16 

Bundle-sheath, . . .55 

Calcium, ... 69, 74 

Calcium carbonate, . . 34 

Calcium oxalate, . . 34, 74 

Callus, 66 

Oalyptra, .... 138 

Calyx, 175 

Cambiform-tissue, . . .46 

Cambium, ... 45, 49 

Cambium-ring, . . .49 

Campylotropous ovules, . .164 

Canal-cells, . . . 137, 148 

Caoutchouc, .... 233 
Capilb'tium, . . . .120 

Capitulum, .... 200 
Capsule, . . . .197 

Carbon, . . . . 69, 70 

Carbonic acid, absorption of, . 70 

— ^ evolution of, . 77 

Carina, 279 

Carnivorous plants, . . 74 

Carpel, . . . . . 162 

Carpogonium, . . 106, 112 

Carpophore, .... 261 
Caruncle, .... 243 
Caryonsis, .... 197 
Catapnyllary leaves, . . 14 

Catkin 202 

Caulicle, .... 226 
Cauline bundles, . . .45 

Caulome 1 

Cell, the, . . . .24 

Cell-division, . . , .35 

Cell-formation, . , .35 

Cell-fusions, .... 40 
Cell, nucleus of the, . . 30 

Cell-sap, . . . .35 

Cell-waU, . . . .27 

Cells, common wall of, . . 39 

„ filaments of, . . . 38 

„ forms of, . . . 27 

„ surfaces of, . . . 39 

„ masses of, . . .39 

C^ulose, . . .27,71,72 


Centrifugal force, . 

fAom 

. 87 

Chambe^ ovary, . 

. 381 

Chemical processes in plants, . 68 

Chemical action of light. 

. 95 

Chlorine, 

69, 75 

Chlorophyll, . 

. 70 

„ affected by cold, . 94 

„ formation of. 

. 95 

Chlorophyll-corpuscles, . 

. 31 

„ „ move- 

ment of , . 

. 96 

Chlorotic plants 

. 74 

Cicatrix, 

. 3 

Cicinal cyme, . 

Cicinal Dichotomy, 

. 21 

. 20 

Cincinnus, 

. 202 

Cilia, .... 

105, 137 

Circulation of protoplasm. 

. 30 

Claw, .... 

. 176 

Cleistogamous flowers, . 

. 258 

Climbing plants, 

18,88 

Closed bundles 

. 45 

Cobalt, .... 

. 69 

Coccus, .... 

. 195 

Cohesion, . . 175, 

Collateral arrangement 

178, 180 

of 

bundles, . 

. 48 

Collenchyma, . 

. 55 

Colletei-s, 

. 62 

Colouring matters, . 

. 73 

Columella, 

. 139 

Common bundles, . 

. 43 

Complementary tissue, . 

. 56 

Compound inflorescences. 

200, 202 

Compound leaves, . 

. 12 

Concentric arrangement 

of 

bundles, . 

. 48 

Conceptacle , 

. 109 

Conduplicate vernation, , 

. 13 

Cone, .... 

. 170 

Conidium, 

Conjugation, . 38, 97, 

97, 115 
105, 116 

Connate, 

. 10 

Connective, . 

. 117 

Copper, .... 

. 69 

Cork, .... 

. 62 

Conn, .... 

. 218 

Corolla 

. 175 

Corona, . . • . 

. 176 

Corpusculum, . 

167, 168 

Cortex, .... 

44, 54 

Cotyledon, 

' . 164 

Cro^ fertilisation, . 

. 189 

Crystalloids, . 

. 30 

Crystals, .... 

. 34 

Cuneiform leaves, . 

. 11 
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Cupule 

PACK 

196, 237 

CJuticle, .... 

. 60 

Cuticnlarisation of cell- wall, . 29 

Cyathium, 

. 242 

Cycle, .... 

. 6 

Cyclic flowers, 

. 185 

Cyme 

. 201 

Cymose branching, . 

. 20 

„ inflorescences, 

. 201 

Cypsela, .... 

. 197 

Cystocarp, 

. 112 

Cystolith, 

. 34 

Decussate arrangement 

of 

leaves, 

. 5 

Deferred shoots, 

. 16 

Degradation products, 

. 73 

Dehiscence of anthem . 

.. 179 

Dehiscent fruits. 

. 197 

Development of cells, 

. 35 

Diadelphous stamens, 

. 178 

Diagonal plane, 

. 188 

Diagram, floral. 

. 186 

Dicnasium, 

21, 202 

Dichogamy, . 

. 190 

Dichotomy, . 

. 19 

Diclinous flowers, , 

. 166 

Didynamous stamens, 

. 178 

Differentiation of tissues, 

. 43 

Dimorphism, . 

. 191 

Dioecious plants, 

. 166 

Disc, .. .. 

. 184 

Dissected leaves, 

, 12 

Distichous arrangement, . 

. 6 

Displacement, . 

. 186 

Diurnal and nocturnal posi- 

tions, 

. 91 

Divergence 

. 4 

Dormant buds, 

. 16 

Double flowers, 

. 179 

Drupe, .... 

. 198 

Dry solid of plants, 

. 69 

Duramen, 

. 54 

Dwarf-males, . 

. Ill 

Dwarf-shoots, . 

. 16 

Ectoplasm, 

. 30 

Elaters, .... 

139, 158 

Electricity, 

. 96 

Elementary constituents of the 

food of Plants, 

. 68 


Eleutheropetalous corolla, . 175 

Eleutherosepalous calyx, . 175 

Embryo, 

98, 161, 164, 194, 203, 226 
Embryo-sac, ' . . . 164, 193 

Emergences, . . . .23 

Empirical floral diagram, . 186 


Endocarp 196 

Endodermis, . . . .55 

Endogenous members, . . 2 

Endogonidia, . . . 114, 117 

Endosperm, . . . 168, 194 

Endospore 139 

Epicalyx, . . . .176 

Epicarp 196 

Epicotyledonary portion of stem, 165 

Epidermis, . . . .59 

Epigynous flower, . . .182 

Epipetalous stamens, . .178 

Epistrophe, . . • .96 

Ei^ct ovule. . . . . 18i 

Erythrophyll, . . . .35 

Etnereal oils, . . . .73 

Etiolated plants, . . .86 

Encyclic flowem, . . . 185 

Exogenous members, . . 2 

Exospore, . . . .139 

External sheath, . . .65 

Extine, 163 

Extrorse, . . . .179 

False dichotomy, . . .21 

Fascicle, 202 

Fttscicle<l leaves, . . .16 

Fascicular cambium, . . 50 

Fats, 71 

Fermentation, . . .117 

Fertilisation, . . . 97, 193 

Fibrovascular bundles, . . 43 

„ system, . . 43 

Fihiment, . . . .177 

Floral diagram, . . .185 

„ fonnula, . . .187 

Flower, 162 

„ opening and closing of, 89 

„ symmetry of . .184 

Flowers of 'fan, . ■ . .120 

Fluorine, . . . .70 

Foliage-leaves, . . .14 

Follicle, . . . .197 

Food of plants, . . .68 

Form of tissue, . . .41 

,, of leaves, ... 8 

„ of stems, . . .17 

Fovea, 161 

Free cell-formation, , . 38 

Freezing, effects of, . . .94 

Fruit, 194 

Fundamental tissue, . 42, 54 

Funicle 163 

Gamopetalous, . . .175 

Gamophyllous, . . . 176 

Oamosepdous, . . .176 

Gases, movements of, . . 82 
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Gemxnffi 140 

General conditions of plant-life, 92 
Generations, alternation o^ . 97 
Genetic spiral, ... 6 

Geotropism 87 

Germination, • . . 165, 226 

Glands 6t 

Glandular hairs, . . .61 

Globoids, . . . .31 

Glomerule, «... 202 

Glume, 213 

Gonidium, . . 97, 104, 115 

Grand period of growth, . . 85 

Granulose, . . . .33 

Grape-sugar, . . . .35 

Gravitation, action of, . 87, 96 

Green colour of plants, . . 31 

Growing point, . . 64, 84 

Growth, . ... 83 

„ in length, . . .84 

,, in thickness, of cell- 

wall, . . .28 

„ in thickness of stem 

and roots, . . .49 

„ superficial of cell-wall, 27 
„ of starch-grains, . . 33 

Guard-cells of stomata, . . 60 

Gum, 73 

Gum-resin-ducts, , . .59 

Gynoecium, . . . 162, 179 

Gynophore, .... 258 
Gynostemium, . . . 223 


. 49 
rail, 27 
. 33 
. 60 
. 73 
. 59 
162, 179 
. 258 
. 223 
23, 61 
. 41 
. 47 
. 53 
. 92 
. 92 

Q9 

21 , 202 
. 26 
86, 96 
. 185 


„ internal, . . .41 

Hard bast, . . . ,47 

Heart-wood, . . . .53 

Heat, action of, . . . 92 

„ , production of, , . 92 

,, , radiation of, . . . 92 

Helicoid cyme, . . 21, 202 

Helicoid dichotomy, . . 26 

Heliotropism, , . .86, 96 

Hemicyclic flowers, . . 185 

Hermaphrodite flowers, . . 165 

Heteroecism, . . . .131 

Heteromerous lichen-thallus, . 126 
HeterostyUsm, . . .191 

Hilum, . . . . .33 

Homoiomerous iichen-thallus, 126 

Hybrid, 193 

Hydrogen, ... 69, 74 

Hymenium, . . . 122, 133 

Hypha, 114 

Hypocotyledonary portion of 
stem, .... 165 
Hypoderma, .... 55 


PAOB 

Hypogynous flowers, . . 181 

Hypsophyllary leaves, . .15 

Ice, formation of, . . .94 

Indusium, . . . 152, 156 

Inferior ovary, . . , 182 

Inflorescences, . . .199 

Inorgimic ash of plants, . . 68 

Insertion of leaves, . . 3 

Integuments, . . . .163 

Intercellular spaces, . . 40 

Interfascicular cambium, . 50 
Internal receptacles for Secre- 
tions, . . , .57 

Intemodes, . , . 2, 84 

Intine 163 

Intussusception, . . .27 

Inulin, . . . . 35, 72 

Involucel, . . . .201 

Involucre . , . 142, 200 

Iodine, . . . . 69, 75 

Iron, . . r « 69, 74 

Irritability, . ... 90 

Isomerous whorls, , . . 185 

Knight’s Machine, . . .87 

Lamina, .... 9 

Lateral plane, . . .188 

Latex, 57 

Laticiferous cells, . , .57 

„ vessels, . . 57 

Leaf, . . . . 2, 3, 8 

Leaf, minute structure of, . 56 
Leaf-traces, . . . .43 

Leaflet, 12 

Legume, .... 197 
Lenticels, . . . .64 

LibrifOTm fibres, . . .51 

Light, action of, . 86, 91, 95 

Lignification of cell- wall, . 29 
Ligule, . . . 9, 161, 176 

Loculicidal dehiscence, . , 198 

Lodicule, .... 212 
Lomentum, . . . .278 

Lysigenous' development, . 57 
Macrosporangium, . . 149, 160 

Macrospore, . . .148, 160 

Magnesium, . . .69, 74 

Male reproductive cells, . . 97 

Male flowers, .... 166 

Me^n p£ine, . . . 188 

Medulla, . . . ^ . 44 

Medullary rays, . . 45, 53 

Medullary sheath, . . .50 

Members, .... 1 

Mericarp, .... 195 
Meristem, .... 42 
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Mesocarp, .... 196 
Meeophyll, .... 9 

Metabolism, . . . .71 

Micropyle, . . . .163 

Microsporangium . . 149, 160 

Microspore. . . . 148, 160 

Mid-rib, .... 10 
Mineral matters in the cell- wall, 29 
Monocarpous plants, . . 166 

Moncecious plants, . . .166 

Monomerous ovary, . .180 

Mon(^podial branch-system, . 20 
Monoeymmetrical flowers, , 189 
Mother-cell, . . . .36 

Motile organs, . . .90 

Movement of water in theplant, 79, 80 
„ » gases „ -.82 

Mucilage, conversion of cell- 
wall into, . . .29 

Multilocular ovary, . .181 

Mycelium, . . . .114 

Nectary, .... 184 
Negative heliotropism, . . 87 

Nitrogen, . . .69, 74 

Node, 2 

Nucleoli 30 

Nucleus of cell, . . 24, 30 

Nucleus of ovule, . . . 163 

Nut 197 

Nutation, . . . .88 

Ochrea, . ; . . . 244 

Oils, . . . . 68, 73 

Oogonium, . . . 105, 120 

Oophore, . . 98, 136, 147 

Oosphere, . 97, 137, 148, 164 

Oospore, .... 104 
Opening and closing of flowers, 89 
Operculum, .... 139 
Orthostichy, .... 6 

Orthotropous ovule, . .163 

Ovary, .... 163, 179 

Ovule, 162 

Oxygen, ... 68, 77 

Pale®, . . . 200,212,300 

Pallisade-parenchyma, . . 66 

Panicle, ..... 202 
Pappus .... 298, 300 
Paraphyses, . . 122, 133, 137 

Parasites, . . . 71, 114 

Parastichy, .... 7 

Parenchyma, . . . .41 

Parietal placentation, . .183 

Peduncle, .... 176 
Pedicel, . . . . .199 

Peloric flowers, . . .189 

Perianth, . . . .176 
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Pericambium. . . .49 

Pericarp, .... 196 
Perichffitium .... 137 
Periderm, . . . .62 

Peridium, .... 136 
Perigynium, . . . .137 

Perigynous flower, . . . 182 

Periodic movements of organs, 91 
Periodicity of growth, . . 85 

Perisperm, . . . .194 

Peristome, .... 146 
Perithecium, . . . 124, 126 

Permanent tissue, . . .42 

Petal 176 

Petiole, 8 

Phelloderm, . . . .62 

Phellogen, . . . .62 

Phloem, . . . .46 

Phosphorescence, . . .78 

Phosphorus, ... 69, 74 

Phototonus, . . . .96 

Phylloclade, . . ,19, 220 

Phyllode, . , . .281 

Phyllome, .... 1 

Phyllotaxis, .... 3 

Pileus, 136 

Pistil, 179 

Pith, 44 

Pitt^ vessels, . . ,29 

Placenta, .... 183 
Placentation, . . . ,183 

Plane of symmetry, . .188 

Plasmodium, . . . .119 

Plastic substances, . . .71 

Pleioraery, . . . .186 

Pleomorphism, . . .115 

Pleurogyiious stigma, . . 183 

Plumule, .... 165 
Podium, . . • . .19 

Point of insertion ... 3 

Pollen, development of, . . 37 

Pollen-grain, .... 162 
Pollen-sac, . , . 162, 179 

Pollen-tube, . , . 163, 179 

Pollination, .... 189 
Pollinium, . . .179, 224 

Pollinodium, . . . ,121 

Polyaxial plants, . , .199 

Polycarpous plants, . ,166 

Polygamous plants, . .166 

Polymerous ovary, . . . 180 

Polypetalous corolla, . .176 

Polyphyllous perianth, . .176 

Polysepalous . .176 

Polysymmetrical flowers, . 189 
Porous capsule, . . . 198 
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Positive heliotropism. 


tAom 

86 

Posterior, 


188 

Potassium, 

69, 74 

Prefoliation, . 

, 

13 

Prickle, .... 


23 

Primary cortex. 

. 

54 

Primary meristem, . 

43, 65 

Primary root, 


164 

Primary wood, 


45 

Primordial cell, 


26 

Primordial utricle, . 


30 

Products of degradation. 


73 

Promycelium, 


131 

Prophyllum, . 

175, 

188 

Prosenchyma, 


41 

Protandrous, . 


190 

Proteid-grains, 


31 

Prothalhum, . 


147 

Protogynous, . 


190 

Protonema, 


136 

Protoplasm, . 

24 

30 

Pseudaxis, 

21, 

201 

Pseudopodium, 


144 

Pulvinus, 


16 

Punctum vegetationis, . 


64 

Pycnidium, . 


123 

Pyxidium, 


198 

Baceme, 


200 

Kacemose branching, 


20 

Racemose inflorescence, . 


199 

Radicle, .... 


165 

Raphe, .... 


164 

Rapliides, 


34 

Receptacle, . .142, 

lol’. 

174 

Regular flowers. 
Rejuvenescence of cells, . 


189 


37 

Replum, .... 


253 

Reproduction, 


97 

Reserve-materials, . 


72 

Resin-ducts, . 


59 

Respiration, . 


77 

Retardation of growth by light, 

86 

Revolving nutation. 

, 

88 

Rhizome, 

, 

18 

Root, structure of, . ^ 


48 

Root-cap, 

Root-hairs, . . . 

22 

, 65 

140, 

160 

Root-pressure, . * 

, 

81 

Roots, .... 

1 

,22 

Rostellum, 

193, 

224 

Rotation of protoplasm, . 

, 

80 

Samara, .... 

, 

195 

Saprophytes, . 

VI. 

114 

So^riform vessels. 


29 

Scaly leaves, * 


14 

Schizocaip, . , « 

• 

195 


Scluzogenous development, . bl 


Sclerenchyma, . . 42, 56 

Sclerotium, .... 125 
Scorpioid-cpne, . . . 202 

Scorpioid dichotomy . . 20 

Scutellum 203 

Secondary cortex, . . .64 

Secondary wood, . . .60 

Seed, .... 161, 194 
Septicidal dehiscence, . .197 

Septifragal dehiscence, . .198 

Segmentation of apical cell, . 65 

Seta, 139 

Sexual reproduction, . . 97 

Sheath 8 

Shoot, 2 

Sieve-tubes, . . .40, 45 

Silicon, . . . . 69, 75 

Silicula, 254 

Siliqua, .... 197, 264 
Simultaneous whorls, . . 2 

Soft bast, . . . .47 

Soredium, .... 126 
Sorosis, .... 221, 232 
Sorus, .... 151, 156 

Spadix, 200 

Spathe, 200 

Spermogonium, , 115, 126, 130 

Spermatia, . .115, 126, 129 

Spike, 199 

Spikelet 212 

Spine, 18 

Spiral arrangement, . 6, 184 

Spiral vesseE, . . 28, 45 

Spontaneous movements, . 91 
Sporangium, . .118, 120, 153 

Spore, . 97, 98, 114, 139, 148 

Sporidia, . . . .131 

Sporogonium, . . 98, 137 

Sporophore, . 98, 136, 147, 162 

Spur 176 

Spurious fruit, . . . 194 

Spurious tissue, . . .39 

Spurious whorl, ... 4 

Stamen, .... 162, 177 
Staminode, .... 179 
Starch, . . . 30,70,71 

Stem, 15 

Sterigma, . .114, 123, 133 

Stigma, 182 

Stigmatio cells, . • ^ 

Stipule, 9 

Stolon, 18 

Stomata, .... 60 
Stratification of cell-wall, . 29 
Striation oi cell-wall, . • 29 
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Stroma* 124 

Style, 182 

Stylogonidia, . . . lid* 122 

Succulent fruits, . . . 198 

Successional whorls, . . 2 

Superior ovary, . . .181 

Superposed members, * .184 

Suspensor, . . 164, 168, 194 

Swarmspore, . . . .112 

Syconus, .... 233 
Symmetry of flowers, . .184 

Sympodium, . . . .20 

Syncarpous gynoecium, . .180 

Syngenesious anthers, . .178 

Tap-root, . . . .22 

Teleutospore, , . . ,131 

Temperature, . . . .92 

Tendril, 18 

Testa, .... 161,165 

Tetragonidia, . . . .112 

Thallome, . . . . 1 

Thallus, . , . 1, 23 

Thom 18 

Tissues, forms and systems of, 41 

Torsion, 89 

Tracheae, . . , .45 

Tracheides, . , . .51 

Transpiration, . . .79 


Trichogyne, . 

PAOI 

. 112, 126 

Trichome, 

1, 23 

Tuber, . 

. 18 

Tiillen, . 

. 40 

Turgidity, 

. 84 

Twining of climbing stems, , 88 

Twining of tendrils, 

. 88 

Umbel, . 

. 200 

Unilocular ovary, . 

. 180 

Uredospores, , 

. 130 

Vacuole, 

. 25 

Vegetative reproduction, . 97 

Velum, . 

Venation, 

. 135 

. 10 

Vernation, 

. 13 

Versatile anthers . 

. 177 

Verticillaster, . 

. 202 

Vessels, . 

. 45 

Vexillum, 

. 278 

Vittae, 

. 268 

Water, Movcnieuts of, 

. 79 

Wax, . 

. 60 

Whorl, . 

. 4, 185 

Wood, . 

. 45 

Xylem, . 

. 45 

Zoogonidiuni, 

. 104,115 

Zygoniorphic flowers, 

. 180 

Zygospore, 

98, 104, 115 


Abele, . 

Abies, 

Abietineae, 

Acacia, . 

Acanthaceae, 

Acanthus, 

Acer, 

Acerineae, 

Achillea, 

Achimenes, 

Achyla, . 

Aconitum* 

Acorus, . 

Acrocarpous 1 

Acrogjmae, 

Acrosticheae, 

Actaea, . 

Adonis, . 

Adox^ . 

.£cidium, 

.£gopodium, 
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. 239 

AilsculinaB, 



. 2()4 

. 167, 171 

iEsculus, 



. . 26j 

. 171 

jEthalium, 



. 120 

. 280 

.Ethusa, 



.269 

. 292 

Agaricinae, 



. 135 

. 292 

Agaricus, 



. 135 

. 264 

Agathosma, 



. 262 

. 264 

Agave, . 



. 220 

. 302 

AKgregatae, 



. 296 

. 292 

Agrimonia, 



. 277 

. 37 

Agrosteinma, 



. 246 

. 249 

Agrostideae, 



. 214 

. 210 

Agrostis, 



. 214 

dosses, . ,145 

Aigeiros, 



. 239 

. 143 

Aiianthus, 



. 263 

. 154 

Aira, 



. 214 

. 249 

Ajuga, . 



. 294 

. 249 

Aizoacere, 



. 247 

. 298 

Alchemilla, 



. 277 

. 132 

Alder, . 



. 235 

269 

Aldrovanda, 



. .256 
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Alps, . 



P40B 

. 104 

Amma, . 



. 207 

AliBmaceae, . 



. 207 

Allium, . 



. 219 

Alnus, . 



. 235 

Aloe, 
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Bacterium, 
Bssomyces, 
Balanophora, . 
Balanophoress, 
Ballota, . 
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Balsam, . 
Balsaminese, . 
Balsamodendron, 
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Cytineae, . . . ,240 

Oytmus, 240 

C^isufi, 279 

Dactylis, . . . .215 

Dsadalea, . . . .134 

Daisy, 301 

Dammara, .... 173 

Dansea, 155 

Dandelion, .... 302 

Daphne, 281 

Darlingtonia, .... 258 

Daturea?, 289 

Dauoineae, .... 269 

Daueus, 269 

Davalliaceae 153 

Deadly Nightshade, . 289 

Dead-nettle, .... 293 
Deciduous Cypress, . , .173 

Delesseria, . . . .112 

Delphinium, .... 249 
Desmidiaceae, .... 107 

Deutzia, 271 

Diandro), . . . 231, 285 

Diuiithus, .... 246 
Diatomaceae, .... 107 
Diatrype, . . . ,125 

Dicentra, .... 252 
Dicksonia, , . . . 164 

Dicranum 146 

Dictamnus, .... 262 
Didymium, . . . 119,120 

Dielytra, , . , , 262 

Diervilla, .... 298 
Digitalis, . . . .291 

Dion, 169 

Dionaea, 258 

Dioscorea, .... 221 

Dioscoreae 221 

Diosmeae 262 

Diospyrinae, . . . 230, 283 

Diospyros, .... 284 
Diplocolobea), . . . 265 

Dipsacaceae, .... 299 
Dipsacus, .... 299 
Dipterix, .... 280 
Dipterocarpeae, . . . 257 

Discocarpi, .... 128 
Dkcomycetes, . . . 126 . 

Dock, 244 

Dodder, 288 

Dog-violet, .... 258 
Drc^ ..... 255 
Dracaana, .... 219 
Drop-wort. .... 276 


_ FAQl 
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Dryobalanops, . . . 257 

Duck-weed, .... 206 
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Ebony 284 

Echeveria 270 

Echinocactus, .... 273 
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Elecampane, .... 301 
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Elm, 234 
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Empetreae, .... 243 
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Euphorbiaceae, 
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Exobasidium, . 

. 134 

Eye-bright, . 

. 292 

Fagua, . 

. 237 
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Flowering-rush, 
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Fluviales, 
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. 146 

Fool’s Parsley, 
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Foxglove, 
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Fragaria, . . 
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Frangulmas, . 

. 230, 266 

Frpinus, 
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. 219 
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Frondose Livejrworts, . . 141 

Frullania, .... 143 
Fruticose Lichens, . . 127 

Fuchsia, .... 274 

Fucus, 110 

Fumago, . . , .124 

Fumaria, . . . .263 

Fumariaceae .... 262 
Fumitory, . . .263 

Funaria, . . . .146 

Fungi, 114 

Galactodendron, . . . 233 

Galanthus, . . . .220 

Galeopsis, .... 293 

Galium, 297 

Gamopetalae, . . . 230, 282 

Garlic, 219 

Gastromycetes, . . .136 

Geaster, 136 

Genista, 279 

Gentiana, .... 286 
Gentianero, .... 286 

Genus, 101 

Geraniaceee, .... 261 
Geranium, «... 261 
Germander, .... 294 
Gesneraceae, .... 292 

Geum, 277 

Ginkgo, 170 

Gladiolus, .... 220 

Glaux, 282 

Glechoma, .... 293 
Gleditschia, .... 280 
Gleicheniaceaj, . . . 164 

Globe-Flower, . . . 249 

Globularia, .... 294 
Globulariew, . . . . 294 

Gloeocapsa, . . . .106 

GlumaceaB, . . . 206, 212 

Glycyrrhiza, .... 279 
Gnetaceae, .... 174 
Goats-beard, .... 302 
Golden-rod, .... 801 
Gooseberry, .... 272 
Goose-foot, .... 246 
Gossypium, .... 260 
Gramiueae, . . . .212 

Grape-Vine, .... 266 
Graphideae, . . . .128 

Graphis, .... 128 
Gratiola, . . . .291 

Grevillea, .... 282 
Grinimia, .... 146 
Gromwell, .... 220 
Ground Ivy, .... 293 
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Gtound Nut, , . . . 280 

Grounds^ .... 203 
. Gndnales, . . . 230, 281 
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Guaiacum, . . ... 262 

Gymnadenia, .... 225 
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Gynandrse, , . . 206, 223 

(^rpphora 128 
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Halpragidesa .... 274 
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Hawthorn, .... 278 
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Heath, ..... 284 

Hedera, 270 
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Helianthemum, . . . 256 

Helianthus, .... 302 
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Helleboree, .... 249 
Helieborus, .... 249 
Helobieo, .... 206 
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HelvellacesB, .... 125 
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Henbane, .... 289 
Hepaticee, .... 140 
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Herb Christopher, . . . 249 

Herb Paris, . . . .220 
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Staurastrum, . 
Stellaria, 
SterculiacGSB, . 
Stereum, 

Sticta, . 

Stock, . 
Stratiotes, 
Stratiotidea, . 
Strawberry, . 
Strycbnos, 
Styi^cea, 

Styrax, 

Sub-genus, 

Sub-order, 

Succisa, 

Sundew, 

Swietenia, 

Sycamore, 

SymphoricarpUs, 

Syncnytrium, 

Syringa, . 

Taccacea, 

Tada, . 
Tamariscinea, . 
Tamaiix, 
Tanacetum, 
Tansy, . 

Tapioca, . 
Taraxacum, . 
Taxinea, 
Taxodiea, 
Taxodium, 

Taxus, . 

Teasel, . 

Tectona, . 

Terebinthacea, 

Terebinthina, 

Temstroemiacea, 

Tetraphis, 

Teuenum, 

tnialictrum, . 

Thallophytw, . 

Thea, 


PAOl 

. 117 
. 107 
. 255 
. 172 
. 243 
. 267 
. 293 
. 293 
. 287 
. 266 
. 266 
. 260 
. 283 
. 107 
. 246 
. 269 
. 134 
. 128 
. 256 
. 208 
. 208 
. 277 
. 287 
. 284 
. 284 
. 101 
. lOl 
. 299 
. 208 
. 263 
264 
. 298 
. 119 
. 286 
. 221 
. 173 
. 257 
. 267 
. 303 
. 302 
. 243 
. 302 
. 170 
. 173 
. 173 
. 170 
. 299 
. 294 
. 263 
230 , 262 
. 257 
. 146 
. 294 
. 248 
. 103 
. 257 


Thelephorea, . 
Theobroma, . 
Thesium, 
Thistle. . 
Thlaspi, 
Thorn-apple, . 
Thrift, . 
Thuja, 
Thuidium, 
Thymeleacea, 
Thynteleina, . 
Thymus, 

: 

Tiliacea, 
Tilletia, . 
Tmesipteris, . 
Toad-uax, 
Toddaliea, 
Tofieldia, 
Tomato, . 
Tonka Bean, . 
Tradescantia, . 
Tagopogon, . 
Trametes, 
Trapa, 

Trefoil, . 
Tremella, 
Tremellina, . 
Tribe, 

Trichia, . 

Trichomanes, . 

Tricocca, 

Trientalis, 

Trifolium, 

Triglochin, 

Trigonellu, 

Triticum, 

Trollius, 

Tropaoleai, 

Tropaoluni, . 

Truffle, 

Tsuga, 

Tuber, . 
Tuberacea, . 
Tubiflora, . . 
Tubuliflora, , 
Tulipa, 
Tulip-tree, 
Turk’s-cap Lilly, 
Turnip, . 
Tussilago, 
Twitch, . 

Tyi». • • 

Typhacea, 

Ulmacea, 


. 255 
. 289 
. 283 
. 174 
. 146 
. 281 
230 , 281 
. 293 
. 219 
. 269 
. 259 
. 129 
. 160 
. 291 
. 262 
. 218 
. 289 
. 280 
. 217 
. 302 
. 134 
. 274 
. 279 
. 133 
. 133 
. 101 
. 120 
. 153 
229 , 242 
. 283 
. 279 
. 207 
. 279 
. 215 
. 249 
. 262 
. 262 
. 124 
. 172 
. 124 
. 124 
231 , 287 
. 301 
. 219 
. 250 
. 219 
. 266 
. 301 
. 215 
. 211 
. 211 
. 233 
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INDBZ. 


Ulmus, » 


PAOS 

• . 234 

Viola, . 

PAOS 

. 258 

Ulotlirix, 


. 108 

ViolaiiesB, 

. 267 

Ulva, . 


. 109 

Viscum, . 

. 241 

Ulv6ce«, . * 


. 109 

Vitis, 

. 266 

Umbelliferae, . 


. 267 

Volvocineae, . 

. Ill 

UmbelliflowB, 


. 220,267 

Volvox, . 

. Ill 

Umbilicaria, . 


. 128 

Wall-flower, . 

. 255 

UredinesB, 


104, 117, 129 

Walnut, 

. 238 

Uredo, . 


. 131 

Water-chestnut, 

. 274 

Uromyces, 


. 131 

Water-cress, . 

. 235 

Uiocystis, 


. 129 

Water-lily, 

. 250 

Urtioa, . 


. 232 

Wellingtonia, 

. 173 

Urticese, . • 


. 233 

Welwitschia, . 

. 174 

Urticine®, 


. 239, 232 

Weymouth Pine, . 

. 173 

Usnea, . 


. 127 

Wheat, . 

. 215 

UstilaginesB, . 


104, 117, 129 

Whortleberry, 

. 285 

Ustilago, 
Utriciuaria, . ‘ 


. 129 

Willow, . 

. 230 


. 292 

Winter Cherry, 

. 289 

Vaccinieae, 


. 285 

Winter-green, 

. 385 

Vaccinitim, 


. 285 

Wistaria, 

. 280 

Valeriana, 


. 299 

Woad, . 

. 256 

Valerianece, . 


. 298 

Wolfs bane, . 

. 249 

Valerianelb^ . 


. . 299 

Woodruff, 

. 297 

Vallisneria, . 


. 208 

Wood-sorrel, . 

. 261 

Vallieneriefle, . 


. 208 

Wych Elm, . 

. 234 

Vanda, . 


. 225 

Xanthoxyleee, 

. 262 

Vanilla, . 


. 225 

Xanthoxylum, 

. 262 

Variety, . 


. 101 

Xylaria, . 

. 125 

Vaucberifu 


. 110 

Xyridese, 

. 217 

Venus* Looking-glass, . 296 

Yam, 

. 221 

Veratrum, 


. 218 

Yew, 

. 170 

Verbascum, . 


. 291 

Yucca, . 

. 219 

Verbena, 


. 294 

Zamia, . 

. 169 

Verbenacese, . 


. 294 

Zea, 

. 214 

Vernal grass, . 


. 214 

Zingiberacese, 

. 222 

Veronicsa, 


. 291 

Zoosporese, 

103, 105, 108 

Verryicariees, . 


. 129 

Zostera, . 

. 207 

Vervain, . 


. 294 

Zygnema, 

. 107 

Vetch, . 


. 280 

Zygnemaceae, . 

. ' .107 

Viburnum, 


. 298 

Zygomycetes, . 

. 118 

Vicia, 


. 280 

Zygophylleae, . 

. 262 

Victoria, 


. 260 

Zygosporese, . 

. 103 

Vinca, . 


. 287 
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